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►  MISCELLANY  .  .  .  Much  transpires  use  increasetl  by  almost  one  third.  schools,  offering:  courses  in  radio,  tele¬ 
in  the  cour.se  of  a  month;  much  that  is  Philco  says  this  improvement  in  sales  vision,  facsimile,  FM,  electronics,  etc., 

important;  too  much  if  each  item  grot  is  “undoubtedly  due  to  the  fact  that  and  in  only  cases  where  the  school  is 

the  space  here  it  deserved.  the  first  low-priced  radio  sets  capable  well  and  widely  known  can  we  offer 

P’or  example — Frank  Shepard,  Jr.,  of  receiving:  FM”  were  recently  put  on  any  aid.  There  are  individuals  who 

(contributor  to  Electronics)  opened  the  market.  Philco  also  has  a  lot  to  have  worked  up  mimeogrraphed  sheets 

the  1941-1942  season  of  the  Radio  Club  say  about  low-priced  FM  .sets,  and  in  (as  home-study  courses)  which  will 

of  America  by  demonstrating  how'  to  effect  states  that  anyone  is  foolish  to  g:et  you  througrh  an  FCC  exam,  there 
g:et  synthetic  bass  out  of  small  radjo  pay  much  more  than  $60  for  such  re-  are  real  schools,  however  small  in  on¬ 
sets.  He  does  this  by  introducing  cer-  ceivers.  There  is  much  about  anti-  rollment  and  in  teaching  staff,  and  of 
tain  forms  of  distortion  which,  to  the  static  but  not  one  word  about  high  course  there  are  come-ons  of  all  types, 
ear,  sound  like  a  considerable  improve-  fidelity.  What  do  you  want  FM  for?  Which  reminds  us  of  the  fellow  who 

ment  in  the  low  frequency  response.  If  there  were  enough  FM  stations  to  got  sore  when  he  answereil  an  adver- 
Some  time  ago  Mr.  Shepard  demon-  broadcast  a  sufficiently  wide  range  of  tisement  which  would  teach  him  a  sure 
strated  in  this  office  a  pocket  sized  program  service  we  would  never  listen  way  to  raise  beets  if  he  sent  in  ten 
radio  which  has  a  really  remarkable  to  another  .AM  program.  This  is  ap-  cents.  The  required  method  was  to 
synthetic  bass.  .  .  .  During  the  recent  proaching  the  case  in  New  A’ork  City,  “catch  hold  of  the  tops  and  pull.” 
violent  sunspot  activity,  sigmals  got  but  in  New  Hampshire  where  the  Mt.  Prospective  students  can  tell  quite  a 
crossed  in  the  circuits  feeding  W.A.AT  Washington  station  is  visible  on  good  lot  from  the  tenor  of  the  blurbs  that 
in  Jersey  City  .so  that  listeners  within  days  (some  miles  away)  we  get  attempt  to  get  him  to  take  the  course, 
the  service  range  of  the  station  got  in  good  service,  also  from  Paxton,  but  ...  In  Louisana  maneuvers  of  the 
on  a  delightful  conver.sation  between  a  there  is  only  one  pi'ogram  to  listen  to  *  army  i-ecently,  a  secret  aiixraft  de¬ 
couple  of  girls  on  one  end  of  a  tele-  and  that  is  not  enough.  There  isn’t  tector  was  used,  so  the  papers  claimed, 

phone  line  being  very  coy  about  a  date  much  of  the  la-di-da  stuff  that  we  can  .Although  a  closely  guarded  secret  the 

with  two  men  on  the  other  end  of  the  take  without  an  emetic  and  so  the  FM  device  consisted  of  portable  radio  re¬ 

wire.  .  .  .  New  York  City  is  to  have  a  rig  stays  off  the  air  except  for  occa-  ceivers  which  picked  up  engine  noise 
municipal  FM  station  if  the  Board  of  sional  attempts  to  find  something  to  of  approaching  planes,  automatically 
Estimate  will  kick  in  with  $16,000.  A  listen  to.  Two  New  England  FM  sta-  integrated  vital  facts  concerning  their 
24-hour  .service  was  promised,  not  only  tions,  however,  can  supply  as  gi>od  strength  and  direction  of  flight,  auto- 
with  high  fidelity  static-less  programs  coverage  as  all  the  .AM  transmitters  matically  transmitted  the  data  to 
but  with  a  facsimile  service  for  the  combined.  headquarters  by  teletype.  .  .  .  Radio¬ 
police,  fire  and  sanitation  departments.  sondes  are  to  be  made  of  plastic,  thus 

At  the  present  time  station  WNYC  releasing  6  tons  of  aluminum  for  de¬ 
shares  time  with  WCCO  in  the  Middle  ►MOKE  MISCELL.ANA'  ...  A  sch(*ol  fense  purposes. 

We.st,  being  forced  off  the  air  at  sun-  of  electronics  in  Minneapolis,  was  Down  in  Washington  there  is  s»)me- 
down  at  the  latter  station.  The  FM  charged  in  a  complaint  by  the  Federal  one  who  reads  the  U.  S.  Patent  Office 
station  would  suffer  from  no  such  pri-  Trade  Commission  with  trying  to  get  Gazette  regularly  and  breaks  into  the 
ration.  students  through  exaggerated  claims  newspa{>ers  with  some  of  the  screwyist 

Speaking  of  FM,  as  of  October  1  the  about  the  physical  equipment  of  the  ideas  that  get  patented.  He  always 
tiital  national  ownership  of  receivers  school,  and  otherwi.se  putting  up  a  writes  as  though  the  patented  idea 
amounted  to  70,000,  production  was  story  that  was  somewhat  on  the  oj)-  was  ready  for  the  market  and  gets  us. 
running  at  about  1000  sets  a  day  timistic  side.  This  department  gets  and  a  lot  of  other  people  probably,  all 
(.Armstrong  licen.sed),  and  during  many  inquiries  from  prospective  stu-  excited.  Then  we  learn  that  it  is  just 
.August  the  total  numlK'r  of  sets  in  dents  about  the  merits  of  certain  a  patent  and  we  say  pfui,  or  wt)rse. 


SENSITIVE  D-C  AMPLIFIER 
WITH  A-C  OPERATION 


High  sensitivity  and  stability,  negligible  zero  drift,  low  noise  level,  and  flat  frequency 
response  up  to  at  least  12  kc  are  features  of  this  a-c  operated  d-c  amplifier.  Cathode 
control  amplifier  eliminates  drift,  while  gaseous  discharge  coupling  tubes  enable  cascade 
stages  to  be  operated  from  a  comparatively  low  voltage  regulated  power  supply 


DIRECT-current  amplifiers  are 
commonly  used  in  a  wide  vari¬ 
ety  of  applications.  In  many  of  these 
applications  the  signal  input  to  the 
amplifier  is  of  the  order  of  one-tenth 
or  one  volt,  and  the  important  fre¬ 
quency  components  of  the  signal  are 
no  higher  than  a  few  cps.  The  prob¬ 
lem  of  designing  an  amplifier  to 
operate  satisfactorily  under  these 
conditions  is  not  difficult,  and  such 
an  amplifier  is  commercially  avail¬ 
able. 

However,  in  other  applications  the 
maximum  input  signal  may  be  of  the 
order  of  one  to  ten  millivolts,  and 
the  signal  may  contain  frequency 
components  well  into  the  audio 
range  as  w'ell  as  the  d-c  component. 
Signals  of  this  type  are  encountered 
in  connection  with  strain  measure¬ 
ments.  In  biology  the  increasing  in¬ 
terest  in  electric  currents  associated 
with  body  activity  makes  it  neces¬ 
sary  to  amplify  signals  in  which 
there  is  a  small  but  important  d-c 
component.  The  writer  knows  of  no 
commercial  d-c  amplifier  which  is 
designed  for  operation  under  these 
conditions,  although  a  number  of 
laboratory  amplifiers  (usually  re¬ 
quiring  a  skilled  operator)  have 
been  reported.  *■  * 

The  amplifier  described  in  this 
article  has  been  designed  to  meet  the 
needs  outlined  in  the  above  para¬ 
graphs.  Its  operation  is  so  simple 
that  even  a  non-technical  person  can 
obtain  satisfactory  results  w'hen  us¬ 
ing  it.  Trick  balancing  schemes  and 
designs  which  are  critically  depend¬ 
ent  upon  tube  characteristics  and 
resistance  values  have  been  avoided 


By  STEWART  E.  MILLER 

JackHon  Hviuhtx,  .Wir  York 


on  the  assumption  that  such  meth¬ 
ods  w'ould  not  give  the  best  results 
in  a  device  which  must  meet  com¬ 
mercial  requirements.  Because  of 
the  bulk  and  inconvenience  of  bat¬ 
teries  and  because  they  are  unreli¬ 
able  in  an  instrument  w’hich  may  be 
used  intermittently,  it  w'as  decided 
to  make  the  instrument  completely 
a-c  operated. 

The  completed  instrument  may  be 
considered  as  a  specially  designed 
d-c  amplifier  with  regulated  voltage 
supply.  However,  the  special  require¬ 
ments  of  the  instrument  required 
many  new  circuit  improvements 
and  modifications  of  new’  design, 
some  of  which  are  believed  to 
be  sufficiently  fundamental  as  to 
represent  new’  techniques,  and  mak¬ 
ing  a  thorough  review’  of  tube  and 
amplifier  operation  imperative. 
Among  the  more  important  features 
which  have  been  incorporated  in 
this  amplifier,  and  which  contribute 
to  its  stability  may  be  listed  the  fol- 
low’ing:  (1)  cathode  control  circuit 
for  overcoming  the  difficulties  of 
slow  drift  in  the  operation  of  the 
amplifier,  most  of  w’hich  are  caused 
by  ambient  temperature  changes, 

(2)  the  development  of  voltage- 
regulated  pow  er  supply  in  w’hich  the 
a-c  component  in  the  output  is  0.5 
millivolt  for  a  250  volt  supply,  and 
in  W’hich  variations  of  input  volt¬ 
age  from  95  to  125  volts  produce 
changes  in  the  output  of  less  than 


0.4  millivolt,  (3)  interstage  coup¬ 
ling  device  enabling  several  cascaded 
stages  having  a  gain,  without  feed¬ 
back,  of  about  one  million,  to  be  op¬ 
erated  from  a  single  250-volt  supply. 

The  characteristics  of  the  com¬ 
pleted  amplifier  (see  Figs.  1  and  2) 
may  be  summarized  as  follows: 

(1)  Input  Circuit.  Both  terminals 
are  normally  at  low’  potential,  one 
terminal  grounded.  Input  resistance 
may  be  any  value  from  zero  to  sev¬ 
eral  megohms. 

(2)  Output  Circuit.  Both  voltage 
and  current  output  terminals  are 
available  simultaneously.  Current 
output  is  zt5  milliamperes,  and  volt¬ 
age  output  is  rtSO  volts  peak  from 
a  balanced  output  circuit.  Thus  an 
Esterline-Angus  5  milliampere  re¬ 
corder  may  be  used,  or  a  4-inch  pat¬ 
tern  may  be  produced  on  a  cathode- 
ray  tube  having  a  deflection  sensi¬ 
tivity  of  40  volts  per  inch. 

(3)  Sensitivity.  Full-rated  output 
is  obtained  for  input  of  0.35  to  10 
millivolts. 

(4)  Amplifier  Gain.  Transcon¬ 
ductance  is  variable  from  14  mhos 
to  0.50  mho.  Voltage  gain  is  variable 
from  72  db  to  102  db.  The  overall 
voltage  feedback  is  varied  from  15 
to  45  db. 

(5)  Frequency  Response.  Uni¬ 
form  response  is  obtained  from  di¬ 
rect  current  to  12,000  cps  or  20,000 
cps  (depending  upon  the  sensitivity 
setting)  from  a  low’-impedance 
source.  Stray  input  capacitance  lim¬ 
its  frequency  response  for  high-im¬ 
pedance  sources,  as  shown  in  Fig.  3. 

6.  Noise  Level.  Noise  level  is  4 
microvolts  peak  or  roughly  1  micro- 
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volt  rms  (referred  to  the  input)  with 
the  input  shorted,  or  16  microvolts 
peak  (11  microvolts  rms)  with  input 
resistance  equal  to  0,5  megohm. 
This  noise  is  of  the  impulse  type 
and  has  a  nearly  uniform  frequency 
distribution. 

(7)  Distortion.  On  10-millivolt 
sensitivity  setting,  distortion  is  neg¬ 
ligible  and  less  than  1  percent  on 
1-millivolt  sensitivity  setting  (meas¬ 
ured  at  80  percent  maximum  out¬ 
put). 

(8)  A-C  Operation.  Amplifier  and 
power  supply  are  independent  of 
line  voltages  greater  than  94  volts. 

(9)  Long-Term  Drift.  A  typical 
zero-drift  recording  is  shown  in 
Fig.  4. 

The  wiring  diagram  of  the  amp¬ 
lifier  is  shown  in  Fig.  1,  while  that 
of  the  voltage  regulated  power  sup¬ 
ply  is  shown  in  Fig.  2.  The  problems 
involved  in  the  design  of  these  two 
units  are  sufficiently  involved  that 


Fig.  1 — Schamatic  wiring  diagram 
of  the  complata  d-c  amplifier 


the  amplifier  and  voltage  supply  will 
be  discussed  separately  in  consider¬ 
able  detail. 

Amplifier  Design — Catkede-Centrel 
Amplifier 

There  are  several  important  prob¬ 
lems  which  are  encountered  in  de¬ 
signing  a  d-c  amplifier  whose  in¬ 
stabilities  (long-term  drift  and  in¬ 
stantaneous  fluctuation  of  the  out¬ 
put  corresponding  to  zero  input) 
must  be  small  compared  to  1  milli¬ 
volt  when  referred  to  the  input.  One 
of  these  problems  is  that  of  over¬ 
coming  what  is  sometimes  known  as 
grid  drift,  but  which  might  better 
be  called  cathode  drift.  Cathode 
drift  is  an  undesired  change  in  plate 
current  due  to  uncontrolled  condi¬ 
tions  in  the  grid-cathode  circuit,  and 
there  are  several  factors  which  con¬ 


tribute  to  it.  First,  changes  in 
cathode  temperature  due  either  to 
ambient-temperature  changes  or  to 
heater-voltage  fluctuations  are  re¬ 
flected  directly  in  changes  of  plate 
current,  even  though  the  grid  bias 
of  the  tube  remains  constant.  It  is 
sometimes  suggested  that  the  work- 
functions  of  the  cathode  and  grid 
surfaces  change  during  the  opera¬ 
tion  of  the  tube,  yielding  a  change  in 
contact  potential  between  the  grid 
and  cathode,  in  turn  causing  a 
change  in  plate  current.  Conse¬ 
quently,  the  plate  current  of  the  con¬ 
ventional  amplifier  is  a  function  of 
these  cathode-grid  effects,  and  in  a 
d-c  amplifier  the  result  is  zero-drift, 
i.e.,  a  drift  of  the  output  correspond¬ 
ing  to  zero  input. 

As  a  remedy  for  cathode  drift  a 
number  of  designers  have  attempted 
to  maintain  constant  heater  current 
in  the  low-level  amplifier  tubes.  One 
commercial  amplifier,  for  instance. 
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is  equipped  with  a  constant-current 
transformer  and  a  ballast  lamp  to 
regulate  the  heater  current.  This 
would  appear  to  overcome  changes 
in  cathode  temperature  due  to  line- 
voltage  fluctuations. 

However,  the  severity  of  the  prob¬ 
lem  is  not  fully  realized  until  one 
sees  quantitatively  the  amount  of 
zero  drift  caused  by  heater-voltage 
fluctuations.  In  Fig.  5  we  see 
plotted  the  equivalent  input  to  a 
single-stage  conventional  d-c  ampli¬ 
fier  as  a  function  of  the  heater  volt¬ 
age.  The  ordinate  represents  that 
voltage  which,  if  applied  to  the  input 
of  the  amplifier,  would  cause  the 
same  change  in  plate  current  as 
that  actually  caused  by  a  change  in 
heater  voltage.  We  see  that  for  the 
conventional  amplifier  a  linear  rela¬ 
tion  holds,  and  what  is  more  im¬ 
portant,  a  10  percent  change  of 
heater  voltage  produces  the  same 
effect  as  an  equivalent  input  of  0.1 
volt.  When  it  is  remembered  that 
we  are  trying  to  amplify  a  signal  of 
a  few  millivolts,  it  is  obvious  that 
this  is  an  important  problem. 


Attempts  have  been  made  to  use 
a  balanced  or  push-pull  amplifier  to 
eliminate  the  effects  of  changes  in 
cathode  temperature.  This  scheme 
is  not  successful  because  the  rate  of 
\  eating  for  two  different  cathodes  is 
not  the  same.  Thus  the  equivalent 
input  voltage  due  to  cathode-temper¬ 
ature  fluctuations  will  be  different 
in  the  two  tubes  of  the  balanced 
amplifier,  and  the  output  will  not  be 
independent  of  the  heater  voltage. 

A  common  error  in  connection  with 
this  problem  is  the  assumption  that 
feedback  will  aid  in  reducing  cath¬ 
ode  drift.  Suffice  it  to  say  that 
cathode  drift  is  a  form  of  tube 
noise,  and  tube  noise  is  not  reduced 
by  means  of  negative  feedback. 

As  a  partial  solution  to  the  prob¬ 
lem  the  writer  has  developed  what 
he  calls  the  cathode-control  ampli¬ 
fier.  The  reasoning  behind  its  de¬ 
velopment  may  be  given  with  refer¬ 


Fig.  2 — wiring  diagrom  of  the 
Toltage-reguloted  power  supply 


ence  to  Fig.  6.  Assume  that  the 
heater  voltage  is  made  variable, 
and  the  other  voltages  are  held  con¬ 
stant.  Then  it  will  be  found  that 
the  plate  current  is  a  function  of 
the  heater  voltage,  and  if  the 
changes  in  plate  current  are  referred 
to  the  input,  a  plot  may  be  made 
showing  the  equivalent  input  to  the 
amplifier  as  a  function  of  the  change 
in  heater  voltage.  This  has  been 
done  in  Fig.  5.  It  is  commonly  ac¬ 
cepted  in  elementary  theory  that  the 
voltage  which  a  tube  will  amplify 
is  that  existing  between  the  grid  and 
the  cathode.  The  problem  now  is  to 
determine  that  point  in  the  cathode- 
grid  circuit  for  which  the  equivalent 
input  voltage  represents  the  effect 
of  the  change  in  heater  voltage. 
Since  the  effect  is  one  which  is  re¬ 
lated  to  the  tube  and  not  to  the  ex¬ 
ternal  grid-cathode  circuit  there 
are  only  two  choices — at  the  grid  or 
at  the  cathode.  There  is  no  reason 
to  believe  that  a  fluctuation  in  heater 
voltage  should  change  the  condi¬ 
tions  at  the  grid,  but  there  is  an  ef¬ 
fect  at  the  cathode  due  to  the  change 
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Matallizid  Resistances 

R,  ■  10  megohms 
R,*  too  ohms 
Rj*  2  megohms 
R,  ■  0.6  megohm 
R*  “  0.5  megohm 
R,o"  50,000  ohms 
Ru“  2  megohms 
R„“0.l  megohm 


NIchrome  Wire-Wound  Resistances 

Rj  •  25,000  ohms 
R*"  50,000  ohms 
Ro"  50,000  ohms 

Advance-Wire  Resistances 

R| "  100,000  ohms 
R,4«  75,000  ohms 

Carbon  Variable  Resistance 
R^“  1.0  megohm 


Conde 


C,  •  8  Mf  electrolytic 
Cj*0006  uf  paper 
Cs’O.OB  Ilf  paper 
C4  •  0.5  /xf  paper 

List  of  Tube  Types 
T,-5T4 
T,,T,.T.-2A3 
T,.T»-i2SC7 
T,-VR- 105-30 
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Fig.  3 — Frequency  response  characteristics  of  the  d-c  amplifier  for  Torious 
settings  of  the  gain  control 


Hg.  4 — Stability  of  zero-drift  curres  for  the  d-c  amplifier,  corering  an 
operating  period  of  more  than  a  day  and  a  half  of  continuous  operation 


Fig.  5 — Manner  in  which  changes  in  heater  voltage  affect  the  equivalent 
input  voltage  applied  to  a  conventional  amplifier  and  to  the  cathode  control 
amplifier  described  in  this  article 


in  heater  voltage,  namely,  a  change 
in  the  initial  velocity  of  the  emitted 
electrons.  Hence  the  equivalent  in¬ 
put  voltage  which  represents  the 
effect  of  a  change  in  heater  voltage 
may  be  placed  in  series  with  the 
cathode  lead  inside  the  tube,  as 
shown  in  Fig.  6.  It  is  to  be  em¬ 
phasized  that  this  voltage  source  is 
purely  fictitious  and  cannot  be 
measured  directly  in  the  laboratory. 
However,  laboratory  measurements 
do*check  the  assumption  that  the 
change  in  heater  voltage  can  be 
represented  by  the  fictitious  source 
V.  Once  this  has  been  established, 
the  solution  to  the  problem  is 
straightforward.  By  choosing  a  tube 
having  two  sections  arranged 
.around  a  common  cathode  and  by 
connecting  these  sections  in  the 
proper  manner  the  cathode-drift 
may  be  eliminated  from  one  section. 

With  reference  to  Fig.  7,  the 
section  P„  Gi,  K  functions  as  an 
amplifier,  and  the  section  Pj,  G.,  K 
functions  as  a  control  section.  The 
effect  of  variations  at  the  cathode 
is  represented  by  the  fictitious 
source,  V.  Then,  for  P*  large  com¬ 
pared  to  the  internal  plate  resis¬ 
tances  it  may  be  shown  that  e  will  be 
zero  for  Rs  equal  to  l/Qt,  where  .gr, 
is  the  transconductance  of  the  sec¬ 
tion  Pj,  Gj,  K.  The  result  is  that  the 
amplifier  employing  section  P,,  G„ 
K  will  be  nearly  independent  of 
heater-voltage  fluctuations  over  a 
wide  range,  as  shown  in  Fig.  5.  This 
type  of  circuit  has  been  used  in  the 
first  stage  of  the  amplifier. 

The  discussion  so  far  has  pointed 
out  that  the  cathode-control  ampli¬ 
fier  helps  overcome  the  effects  of 
heater-voltage  variations;  it  is 
readily  seen  that  the  cathode-control 
circuit  will  be  equally  effective  in 
overcoming  the  effects  of  ambient 
temperature  variations  and  other 
variations  which  are  common  to 
both  portions  of  the  common  cath¬ 
ode.  Likewise,  the  discussion  so  far 
has  assumed  that  the  undesired 
cathode  variations  will  be  identical 
in  both  portions  of  the  common 
cathode;  this  condition  has  been  ob¬ 
served  in  many  tubes,  but  it  is  not 
essential.  If  the  fictitious  source  V  is 
proportional  in  the  two  sections, 
that  is  if. 


I  amp  —  control  (1) 

then  e  will  be  zero  if 

Rt  =  k/gt  (2) 


30 


November  1941  —  ELECTRONICS 


Fi9-  6 — EquiTalent  circuit  of  racuum  tube  Fig.  7 — Fundamental  circuit  of  cathode 

showing  fictitious  interrol  Toltage.  V>  rep-  control  amplifier 

resenting  equiralent  input  Toltage  haring 
the  same  effect  as  that  produced  by 
change  in  heater  roltage 


In  certain  applications  it  is  suf¬ 
ficient  to  make  e  very  small  but  not 
quite  zero,  in  which  case  the  circuit 
of  Fig.  8  has  proved  useful.  This 
degenerative  cathode-control  cir¬ 
cuit  makes  use  of  the  same  ideas  as 
the  balance  cathode-control  circuit 
of  Fig.  7,  except  that  R«  is  made  zero 
(making  e  =  0  impossible)  and  the 
grid  Gt  is  brought  part  way  up  the 
plate  battery  to  make  the  resistor 
Rx  large.  If  we  neglect  the  presence 
of  the  amplifier  section  momentarily, 
it  may  be  shown  that 

e/V  =  1/(1 (3) 
where  gt  is  the  transconductance  of 
section  Pt,  Gt,  K.  The  degenerative 
action  of  i?,  in  the  amplifier  circuit 
employing  section  Pi,  G„  K  makes 
the  ratio  e/V  even  smaller  than 
given  by  Eq.  (3),  but  the  exact 
equations  are  too  complicated  to  be 
given  here.  In  practice,  c/V  may  be 
made  1/20  to  1  75. 

Rtgulated  Power  Supply 

It  is  of  course  possible  to  derive 
expressions  giving  the  voltage  gains 
of  the  circuits  of  Fig.  7  and  8;  the 
results  of  such  derivations  are  given 
by  the  following  approximate  equa¬ 


tions:  For  Fig.  7,  the  amplification 
is  given  by 


when  g^R,  —  1.  For  Fig.  8, 

<■'  -  -  W 

4*  ri  -h  pi/ffi 

where  r„  /n,,  and  n,  gr,  are  the  con¬ 
stants  of  the  first  and  second  tube 
sections,  respectively.  These  volt¬ 
age  gains  may  be  made  30  to  45  in 
practice. 

The  degenerative  type  of  cathode- 
control  circuit  is  employed  in  the 
amplifier  and  regulator  stages  in¬ 
volving  tubes  Tt,  T»,  and  T*  of  Figs. 
1  and  2. 

As  a  further  means  of  overcoming 
cathode-drift  it  was  decided  to  regu¬ 
late  the  heater  voltage.  Ballast 
lamps  were  tried  in  this  application, 
but  were  found  objectionable  be- 
cau.se  of  a  heating  transient  which 
occurs  each  time  the  source  volt¬ 
age  is  changed.  Since  it  was  also 
neces.sary  to  regulate  the  plate-volt- 
age  supply,  it  was  considered  good 
economy  to  use  the  same  regulator 
for  plate  and  heater  currents.  The 
12-volt  150-milliampere  series  of 


Fig.  9 — Block  diagram  illustrating  the  fundamentals  of  the 
regulated  power  supply  unit  used  with  the  amplifier 


Fig.  8 — Another  arrangement  of  the 
cathode  control  amplifier  which  has 
merits  under  certain  conditions 


tubes  was  u.sed,  the  heaters  being 
placed  in  series. 

In  the  amplifier  design,  no  at¬ 
tempt  was  made  to  balance  out  the 
effect  of  plate  voltage  variations. 
This  meant  that  a  very  constant 
plate-supply  must  be  available.  In 
particular,  we  may  assume  for  pur- 
po.ses  of  estimation  that  a  variation 
in  plate  battery  at  the  first  amplifier 
stage  will  be  reduced  by  a  factor  of 
100  when  referring  it  to  the  ampli¬ 
fier  input.  If  we  aim  at  maintaining 
input  instabilities  less  than  10 
microvolts,  we  find  that  the  plate 
battery  may  not  vary  by  more  than 
1  millivolt.  Assuming  a  line  varia¬ 
tion  of  ztlO  percent,  our  250-volt 
plate-supply  voltage  must  be  con¬ 
stant  within  4  parts  in  a  million, 
and  a  stabilization  ratio  of  25,000 
to  1  is  required  in  the  regulator. 
The  stabilization  ratio  is  the  factor 
by  which  the  regulator  reduces  line 
variations. 

The  regulator  which  was  designed 
to  meet  the  above  specifications  has 
been  redrawn  in  functional  form  in 
Fig.  9.  It  is  common  practice  in 
regulators  of  this  type  to  feed  back 
a  portion  of  the  output  voltage,  com¬ 
pare  it  with  a  constant  voltage  refer¬ 
ence,  amplify  the  difference  and 
impress  the  amplified  difference  on 
the  grid  of  an  amplifier  tube  in  such 
a  phase  as  to  maintain  the  output 
voltage  constant.  With  such  a  regu¬ 
lator  ( illustrated  by  the  diagram 
of  Fig.  9  it  the  connection  .4.4'  were 
omitted^  it  is  impossible  to  get 
(CoutiKHed  0)1  iKtge  105) 
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POWER  AMPLIFIER 


By 

ARVID 

B.  NEWHOUSE 


Time  spent  on  calculations  of 
tank  circuits  of  radio  frequency 
power  amplifiers  can  be  consider¬ 
ably  reduced  by  an  analysis  of  the 
circuit  conditions  and  the  use  of 
certain  equations.  This  paper  dis¬ 
cusses  some  aspects  of  the  design 
of  power  amplifier  plate  tank  cir¬ 
cuits,  particularly  amplitude  modu¬ 
lated  amplifiers  for  broadcasting 
service.  Equations  are  derived  for 
calculating  pertinent  tank  circuit 
quantities,  and  methods  of  calculat¬ 
ing  values  of  inductors  and  capaci¬ 
tors  to  satisfy  power  and  selectivity 
requirements  are  given.  For  a  study 
of  Class  B  and  C  amplifier  tank 
circuits  the  reader  is  referred  to  a 
paper  by  P.  H.  Osborn.* 

Energy  Storage 

The  radio  frequency  amplifier 
which  w’ill  be  studied  is  represented 
by  the  simplified  circuit  showm  in 
Fig.  1.  Although  a  series-fed,  un¬ 
balanced  circuit  is  illustrated  the 
analysis  will  apply  to  other  arrange¬ 
ments.  It  is  assumed  that  the  im¬ 
pedance  of  Ct  is  so  low  that  sub¬ 
stantially  the  full  voltage  developed 
across  the  tank  circuit  appears  at 
the  plate  of  the  tube,  and  also  that 
the  excitation  voltage  E,  the  grid 
bias  Ef,  and  the  d-c  plate  voltage 
E\  are  such  as  to  deliver  the  re¬ 
quired  power  with  a  known  mini¬ 
mum  of  distortion.  The  inductor 
resistance  is  represented  by  Ri,; 
w  hereas  Rn  represents  the  resistance 
reflected  into  the  tank  circuit  from 
the  load  (succeeding  amplifier, 
transmission  line,  or  antenna)  by 
the  coupling  system.  It  is  assumed 
that  only  resistance  is  reflected  into 


Fig.  1 — Simplified  circuit  diagram  of  a  triode  radio  frequency  power  amplifier 


the  tank  circuit  by  the  coupling 
system. 

It  is  understood,  of  course,  that 
the  tube  has  been  selected  for  this 
amplifier,  and  that  it  will  deliver 
the  expected  output  with  the  speci¬ 
fied  plate  voltage,  grid  bias,  and 
excitation. 

The  relations  betw’een  plate  cur¬ 
rent  and  plate  and  grid  voltages 
during  a  radio  frequency  cycle  are 
showm  in  Fig.  2.  The  instantaneous 
grid  voltage  e,  is  equal  to  the  bias 
voltage  Ee  plus  the  exciting  voltage 
w’hich  has  the  maximum  value  E. 
Likewise,  the  instantaneous  plate 
voltage  e,  is  the  sum  of  the  direct 
current  plate  voltage  and  the 
superimposed  voltage  across  the  tank 
circuit,  the  latter  reaching  Et  as 
its  maximum  value.  The  plate  cur¬ 
rent  if  flow’s  during  approximately 
one-half  cycle  in  Class  B  amplifiers, 
and  for  a  shorter  period  in  Class  C 
amplifiers.  Both  ip  and  Et  vary  in 
magnitude  when  the  carrier  is  am¬ 
plitude  modulated,  Et  attaining 
twice  its  carrier  value  w’hen  100 
percent  modulation  peaks  are 
reached. 

Let  P,=the  power  output  of  the 
tube,  delivered  to  the  tank 
circuit. 

R  =R^  -f  R„,  the  total  series 


resistance  in  the  tank  cir¬ 
cuit. 

V  =Et/\^2,  the  root-mean- 
square  voltage  across  the 
tank  circuit. 

I  =2r.fCV,  the  root-mean- 
square  current  flowing  in 
C. 

/  =the  carrier  frequency. 

Although  strictly  true  only  for 
the  case  of  an  ideal  parallel  resonant 
circuit,  it  is  sufficiently  accurate  for 
this  discussion  to  assume  that  Xl  = 
27:/L  is  equal  to  Xc=l/2r.fC.  Also, 
w’ith  respect  to  the  tank  current, 
it  will  be  assumed  that  P*  is  small 
compared  with  X,*  in  the  expression 
/\/ Xl  +  R',  so  that  II  is  sub¬ 
stantially  equal  to  V /X,..  Then  h 
is  equal  to  /  =  2ti/CV'  =  V/Xc,  and  I 
may  be  used  as  the  root-mean-square 
value  of  the  tank  current.  The  er¬ 
ror  introduced  by  these  approxima¬ 
tions  is  about  one  percent.  The  ratio 
X^/R  and  Xc/R  w’ill  be  designated 
Qt,  the  figure  of  merit  of  the  tank 
circuit,  as  distinguished  from  Q,= 
Xl'Rl,  the  figure  of  merit  of  the 
inductor.  In  this  discussion  the  ca¬ 
pacitor  is  assumed  to  have  no  re¬ 
sistance. 

When  tuned  to  resonance  (unity 
power  factor)  the  tank  circuit  will 
appear  to  the  plate  of  the  tube  as  a 
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PLATE  TANK  CIRCUITS 


resistor  having  the  value  Rt= 
V*/P,  ohms.  But  Rt  may  also  be 
expressed  in  any  of  the  following 
forms.*’  * 

Rt  =  — —  =  QtXc  =  QtXi, 

_  XcXl  _  2x/L  L 

R  ?xfCR  CR  ^  ^ 

Energy  is  received  from  the  tube 
in  pulses,  a  pulse  each  time  plate 
current  flows,  and  is  delivered  to 
the  coupled  load  in  a  continuous 
flow.  This  means,  of  course,  that  the 
inductor  and  capacitor  must  act  as 
a  flywheel  or  tank  for  the  storage 
of  energy  to  maintain  the  flow.  Let 
us  postulate  steady  state  conditions. 
Then  just  sufficient  energy  is  re¬ 
ceived  by  the  tank  circuit  to  main¬ 
tain  the  oscillations  at  constant  am¬ 
plitude.  Now  at  the  instant  the  cir¬ 
culating  current  is  zero,  the  voltage 
across  the  tank  circuit  is  at  its 
maximum  and  all  the  energy  is 
stored  in  the  capacitor.  The  amount 
of  this  energy  is  iCEr*  or  CV“  joules. 

The  energy  expended  as  heat  in 
the  tank  circuit  and  that  passed  on 
to  the  load  each  cycle  is  equal  to 
that  delivered  by  the  tube  each 
cycle  or  P,/f  joules.  The  ratio  of 
the  stored  energy  to  the  energy  lost 
each  cycle  is  fCV'‘lP,.  Multiplying 
numerator  and  denominator  by  2z, 
we  have  VII2t,P,. 

Prince  and  Vogdes’*  w’ork  with 
self-controlled  oscillators  yielded  re¬ 
sults  showing  that,  for  stability  and 
for  minimizing  harmonics,  twice  as 
much  energy  must  be  stored  in  the 
tuned  circuit  as  is  dissipated  each 
cycle.  The  ratio  VIl2r,P,  is  then 
about  2.  However,  this  requirement 
is  relaxed  in  the  case  of  amplifiers, 
especially  if  they  are  followed  by 
coupling  systems  or  filters  which 
discriminate  against  harmonics.  In 
such  applications,  because  of  the  ex¬ 
ternal  control  of  frequency  and  the 
reduction  of  harmonics  passed  on  to 
the  radiating  system,  a  storage  of 
energy  equal  to  about  150  percent 
of  the  loss  appears  ample.  The  ratio 
of  circulating  volt-amperes  to  out- 


.1 


Fig.  2 — Voltage  and  current  relations  in  a  triode  power  amplifier 


put  power  may  then  be  about  3::,  the  tank  circuit  must  furnish  the 

and  the  constants  commonly  used  in  flywheel  effect  for  only  one-half 

design  computations  are  9  or  10.  cycle  which  permits  the  use  of  lower 
Then  number  and  amplitude  of  values  of  the  ratio  VI  P,. 

the  harmonics  emitted  by  the  radiat-  The  choice  of  transmitter  equip- 
ing  system  depend  upon  a  number  ment  to  be  used  in  any  case  de- 

of  elements  other  than  the  power  pends  upon  the  service  requirements 

amplifier  plate  load  circuit.  Gen-  and  the  economic  considerations  in- 

eration  of  harmonics  is  reduced  by  volved.  The  plate  voltage  and  the 

carefully  selecting  the  operating  excitation  may  be  varied,  within 

parameters  for  the  tubes,  and  the  limits,  independently  of  these  con- 

harmonics  generated  may  be  pre-  siderations,  but  the  addition  of  sup- 

vented  from  reaching  the  output  de-  pressor  networks  or  the  elaboration 

vice  by  employing  coupling  systems  of  circuits  adds  to  the  initial  and 

and  filter  networks  which  discrimi-  maintenance  costs  as  well  as  to  the 
nate  against  them.  The  relation  be-  equipment  failure  possibilities.  In 
tween  the  amount  of  tank  current  the  case  of  tank  circuits  the  rela- 
and  the  second  harmonic  magnitude  tive  costs  of  capacitors  and  induc- 
has  been  measured  and  calculated  tors  for  a  given  power  output  are 
by  Osborn,‘  and  the  adjustment  of  factors  which  determine  the  selec- 
the  tank  current  to  minimize  har-  tion  of  these  components.  The  usual 
monies  has  been  treated  by  Dietsch.*  result  is  that  the  volt-amperes  of 
Both  Osborn  and  Dietsch  show’  the  circulating  tank  current  are  not  far 
rapid  increase  of  the  second  har-  in  excess  of  actual  energy  storage 
monic  as  the  tank  volt-amperes  is  requirements. 

reduced  below’  4::  times  the  power  Obviously,  the  power  wasted  as 
output.  However,  the  practice  now  heat  in  the  tank  inductor  varies  di- 
prevailing  of  using  push-pull  power  rectly  w’ith  the  high  frequency  re¬ 
amplifiers  minimizes  the  amount  of  sistance,  while  the  power  passed  on 
second  and  other  even  harmonics  in  to  the  load  is  PRy.  It  follows  that 
the  output.  In  a  push-pull  amplifier  the  tank  circuit  efficiency  factor  is 
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Parallel 


Rm/{Rl  +  Ru).  In  order  to  make 
the  circuit  efficiency  as  high  as  pos¬ 
sible  it  is  necessary  that  the  induc¬ 
tor  be  designed  for  a  minimum  radio 
frequency  resistance  at  the  fre¬ 
quency  contemplated.  Because  of 
the  change  in  the  current  distribu¬ 
tion  and  density  in  the  conductor, 
the  radio  frequency  resistance  varies 
with  frequency  in  such  a  manner 
that  the  of  any  inductor  is  vir¬ 
tually  constant  over  a  wide  fre¬ 
quency  range.  This  figure  of  merit 
is  used  for  comparing  different  in¬ 
ductors.  The  equivalent  criterion 
for  capacitors  is  D=Rri»C,  where 
Rr  is  the  radio  frequency  resistance 
of  the  capacitor.  This  factor  is  not 
often  considered  in  transmitter  de¬ 
sign  because  in  most  capacitors  D 


In  his  paper  Osborn*  described 
how  too  high  a  ratio  of  tank  circuit 
volt-amperes  to  output  power  caused 
the  tank  circuit  to  discriminate 
against  the  higher  side  band  fre¬ 
quencies.  He  also  derived  a  formula 
for  calculating  the  distortion  at  any 
modulating  frequency  for  a  given 
ratio  of  VI  to  P,. 

When  it  is  desired  to  obtain  a 
measure  of  the  amplifier  output 
channel  width,  a  relationship  similar 
to  //(/i— /i)=Q,  which  holds  for  the 
series  circuit,  might  be  convenient. 
Here  /  is  the  carrier  frequency  and 
are  the  two  side  bands 
so  related  to  /  that  the  output  power 
at  /i  and  /,  is  one-half  that  at  / 
for  the  same  voltage  V.  Under  these 
conditions  Q  is  then  the  ratio  of 


the  apparent  internal  resistance  of 
the  tube  plate  circuit  path  viewed 
as  an  alternating  current  generator. 
Then  by  the  use  of  Thevenin’s  equiv¬ 
alent  series  circuit  theorem  we  ob¬ 
tain  the  series  impedance,  Z,=R,  -|- 
jX.. 


Rb{R 


(RtJi  +jXLRb)  [{Rb  +  R)  -jXl] 
{R^  +  R)*  +  Xl* 


RtR{Rt,  +  R)+Rt,XL' 


{Rb  +  R)RbXL  -  RbRXL 


{Rb  +  R)*  +  Xt} 


The  Q  of  the  output  circuit  will  be 
designated  Q.  and  is  equal  to  the 
reactance  divided  by  the  resistance, 
or  X./R,. 


(Rb  R)RbXL  —  RRbXt 
RbR{Rb  +  R)+  RbXt' 


RbR{Rb  +  R)  +  RbXL* 

* 

Since  R  is  small  compared  to  i?, 
Rt  +  Rz=R^,  very  nearly.  Then 


Rb^Xt 


The  ratio  of  the  channel  width 
(between  the  half-power  frequen¬ 
cies)  to  the  carrier  frequency  is 

(/,-/.)//=!  Q.. 


Fig.  3. — Parallel-to-series  transformation  of  a  triode  amplifier  out¬ 
put  circuit  network 


is  rather  small,  and  because  for  a 
given  frequency,  mode  of  operation, 
and  cost  the  choice  of  capacitors  is 
limited.  Ordinarily,  there  is  some 
latitude  in  inductor  design.  This 
subject  has  been  treated  in  a  num¬ 
ber  of  books  and  periodicals. 

With  respect  to  the  figure  of 
merit  of  the  tank  circuit,  Qt^XJR, 
where  R=Ri.  -t-  Rm,  the  following  re¬ 
lations  are  assembled  for  reference. 


the  total  inductive  (or  capacitative) 
reactance  to  the  total  resistance,  in¬ 
cluding  that  in  the  generator.  Hence 
for  a  given  carrier  frequency  /  and 
a  given  value  for  Q  the  channel 
width  between  the  half-power  (or 
3  decibels  down)  frequencies  can  be 
readily  computed. 

However,  to  make  use  of  this  con¬ 
cept  in  power  amplifier  plate  tank 
circuit  design  it  is  necessary  to  take 
into  account  the  equivalent  series 
resistance  in  the  plate  circuit  due 
to  the  tube  resistance  shunting  the 
tank  circuit.  The  relation  of  this 
internal  resistance  to  the  tank  cir¬ 
cuit  is  shown  in  Fig.  3,  in  which 
the  tube  output  circuit  is  redrawn 
to  place  all  the  resistance  in  adja¬ 
cent  branches  of  the  network.  L 
and  C  are  the  tank  inductance  and 
capacitance,  R=Ri.  -f  R^,  and  is 


Equation  (3)  indicates  the  rela¬ 
tion  which  exists  between  R,  Xl, 
Rt,  and  Rb  for  the  assumed  3  deci¬ 
bel  distortion  limit.  That  is,  for  a 
certain  desired  value  of  (/*— A) 
at  a  carrier  frequency  /,  the  value 
for  Q,  determined  by  Eq.  (3)  may 
not  be  exceeded.  Since  Rt  and  /?» 
are  fixed  when  the  power  output 
and  the  tube  operating  parameters 
are  set,  the  limitation  falls  on  Qt, 
Xl,  and  R,  and  determines  an  in¬ 
ferior  limit  for  the  tank  reactance 
and  the  coupling  to  the  load. 

Equation  (3)  serves  as  a  guide 
for  the  power  amplifier  output  chan¬ 
nel  width.  To  apply  the  equation  it 
is  necessary  to  find  the  value  of  Rh, 
the  apparent  internal  resistance  of 
the  amplifier  tube  plate  circuit.  This 
may  be  done  as  follows.  In  Fig.  4 


Rt  =  y\  Pt  =  Xl^  R  =  QtXl 
and  Xl,  =  V ,'I,  approximately. 


That  is,  Qt  is  also  the  ratio  of  the 
tank  current  volt-amperes  tc  the 
tube  power  output,  and  therefore 
indicates  the  energy  storage  capa¬ 
bility  of  the  tank  circuit. 
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is  shown  the  relation  of  i?»  to  the 
tank  circuit,  the  latter  indicated  by 
Rt.  In  this  diagram  IJRt=Pi,  the 
tube  output  power;  and  I*R„=P^, 
the  pow’er  loss  in  the  tube.  ^ 

Pb _ Ig^Rb  ^  Rb 

Pt  Iq^R  t  Rt 

Hence,  Rb  = X  Rt  (4) 

Pt 

It  will  be  noted  that  /?»  is  not  the 
alternating  current  plate  resistance, 
r„  included  in  the  tube  data  by  man¬ 
ufacturers  or  calculated  from  static 
characteristics.  The  tube  plate  re¬ 
sistance  has  a  finite  value  only  w’hen 
plate  current  is  flowing,  and  in¬ 
creases  without  limit  during  non¬ 
conducting  intervals.  Further,  plate 
current  flows  only  during  periods 
when  the  instantaneous  plate  volt¬ 
age  is  low,  as  may  be  seen  in  Fig.  2. 


also  noted  that  this  ratio  is  Qt,  which 
is  equal  to  the  quotient  of  load  re¬ 
sistance  Rt  divided  by  the  reactance, 
Xl  or  Xc,  and  to  the  quotient  of  the 
reactance  divided  by  the  total  series 
resistance  in  the  tank  circuit. 

Appendix 

To  justify  the  approximations  pre¬ 
ceding  Eq.  (1)  the  following  de¬ 
velopments  are  appended. 

Let  the  impedance  which  the  tank 
circuit  presents  to  the  plate  of  the 
tube  in  Fig.  1  be  Zr  =  i2r  +  jXr. 
Also,  for  simplicity,  let  R  =  Rl  + 
Rm. 

_  _  -jXc(R+jXL) 

^  R  +j{XL  -  Xc) 

{XlXc  -jRXc)[R  -KXl  -  Xc)  1 
R^+{Xl-Xc)' 

^  RXlXc  -  RXc{Xl  -  Ac) 

+  {Xl  -  Xc)* 


If  R*,  the  apparent  resistance,  is 
large  so  that  X,.  R^  is  small  com¬ 
pared  to  1/Qr,  Q.  will  approach  Qt 
as  a  limit  and  the  selectivity  of  the 
entire  output  circuit  will  approach 
that  of  the  tank  circuit  alone. 
Usually  Xl  Rb  is  comparatively 
large,  making  Q,  much  less  than  Qt. 

In  amplitude  modulated  amplifiers 
conditions  at  100  percent  modula¬ 
tion  should  be  investigated  in  the 
event  that  changes  in  bias  and  oper¬ 
ating  angles  affect  impedances  and 
distortion. 

Concluiion 

In  this  discussion  two  limits  have 
been  found  for  the  ratio  of  power 
amplifier  tank  current  to  output 
powers,  a  minimum  value  deter¬ 
mined  by  energy  storage  require¬ 
ments,  and  a  maximum  which  is  de¬ 
termined  by  the  tube  constants  and 
output  distortion  limitations.  It  was 


.  -  R*Xc  -  XlXc{Xl  -  Xc) 

R*  +  {Xl  -  Xc)* 

=  fiA'c* 

R*  +  {Xl  -  Ac)* 

.  XlXc{ Xc  -  Xl)  -  R'Xc 
R*  +  {Xl  -  Ac)* 

For  parallel  resonance  (unity 
power  factor)  Xt  =  0,  and  the  num¬ 
erator  of  the  second  term  in  the 
equation  above  must  equal  zero. 


AtAc(A'c  -  Xl)  R*Xc  =  0 
Xl{Xc  -  Xl)  =  R* 
XlXc  -  Xl*  =  R* 


A  hypothetical  tank  circuit  may 
have  an  Rt  of  1000  ohms  and  a  Qt 
of  10.  Then  A'l  will  be  100  ohms, 
and  R  will  be  made  10  ohms  by  ad¬ 


justment  of  the  coupling  to  the  load. 

10* 

Xc  =  100  -I-  =  100  +  1  =  101  ohms 

Hence,  equating  Xc  to  Xl  in  this 
case  introduces  an  error  of  only  one 
percent.  When  Qt  is  greater  than 
10,  Xc  will  approach  closer  to  Xl  in 
size,  and  would  coincide,  of  course, 
if  R  could  be  made  zero.  However, 
it  is  apparent  that  the  error  intro¬ 
duced  by  this  approximation  will  be 
of  the  order  of  one  percent  in  most 
practical  circuits. 

To  compare  the  current  in  the  L 
and  C  branches,  let  h  be  the  root- 
mean-square  current  in  the  inductor 
and  Ic  the  root-mean-square  current 
in  the  capacitor.  The  root-mean- 
square  voltage  across  the  tank  cir¬ 
cuit  is  V.  The  current  flow’ing  in 
each  branch  is  equal  to  the  voltage 
across  the  tank  circuit  divided  by 
the  impedance  of  the  branch. 

Ic  =  and  II  =  ", 

VA'l*  +  ft* 

Ic_ _ yi_  ^  \  A'l* -f- ft*  _  \  AT* -I- ft* 

II  Xc  V  Xc 

Inserting  the  previously  assumed 
values  for  Xl,  R,  and  Xc, 

Ic  _  \  100* -t- 10*  _  10  \  100  4-1 

II  101  “  101 

_  10  \  101 
101 

Ic  10  X  10.05  100.5 

II  ~  101  101 

Equating  h  to  h  involves  an  error 
of  only  about  0.5  percent  in  a  cir¬ 
cuit  with  a  Qt  of  10,  and  this  error 
becomes  less  for  higher  values  of 
Qt.  The  errors  introduced  by  set¬ 
ting  Xl  equal  to  Xc  and  It  equal  to 
Ic  are  small  compared  to  the  inac¬ 
curacies  in  most  of  the  data  from 
which  pow’er  amplifier  plate  tank 
circuits  are  designed. 
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NEW  RADIOGRAPHIC  UNIT 
AIDS  INDUSTRY 


Another  example  of  the  manner  in  which  electronic  engineering  is  aiding  industry  is  given 
by  the  new  million  volt  industrial  x-ray  unit  developed  by  GE  engineers.  Use  of  Freon 
gas  for  insulation,  resonance  transformer  for  obtaining  high  voltages,  and  hot  cathode 
multisection  tube  with  focusing  coil  are  among  major  contributions 


Approximate  exposure  relations  ior  Tarious  radiographic  units 
and  diiierent  amounts  oi  radium.  Note  that  the  million  Tolt  tube 
makes  possible  the  examination  of  Tery  thick  castings  in  less 
than  an  hour  while  seTeral  hours  or  eren  days  would  be 
required  ior  lower  Toltage  units 


The  hot  cathode,  multisection  x-ray  tube  with  filament  at  upper 
end  and  target  at  bottom  is  the  key  to  the  new  radiographic  unit 


Electronic  engineering 
chalked  up  another  milestone  in 
'ts  contributions  to  science,  technol¬ 
ogy,  and  industry  recently  with  the 
perfection  by  General  Electric  engi¬ 
neers  of  the  newly  designed  million 
volt  x-ray  unit  for  industrial  radiog¬ 
raphy.  The  design  and  construction 
of  this  new  device  have  been  in 
progress  for  about  four  years,  and 
some  half  dozen  units  have  been  in 
operation  for  a  year  or  so  during 
which  time  they  have  undergone  a 
thorough  “shake-down”  test  to  dem¬ 
onstrate  conclusively,  their  practical 
utility.  Therefore,  in  a  certain 
sense,  the  million  volt  equipment  is 


not  entirely  new.  Still,  the  sym¬ 
posium  of  scientific  and  industrial 
workers,  held  in  Schenectady  on 
October  7,  in  which  the  new  equip¬ 
ment  and  its  applications  were  dis¬ 
cussed  by  those  who  have  been  in 
intimate  touch  with  the  development 
and  industrial  application  of  such 
units,  brought  forth  and  displayed 
publicly  for  the  first  time,  those 
many  modifications  and  improve¬ 
ments  of  past  practice  which  makes 
the  present  equipment  outstanding. 

Principal  feature  of  the  new 
radiographic  unit  is,  of  course,  the 
fact  that  at  one  million  volts  it  op¬ 
erates  at  two  and  one-half  times  the 


voltage  of  previously  available  units. 

Increased  voltage  is  not  the  com¬ 
plete  story,  and,  indeed,  this  step 
could  not  have  been  made  with¬ 
out  the  accompaniment  of  other  im¬ 
provements  all  of  which  aided  in  the 
production  of  a  completely  new  and 
fully  integrated  unit.  The  develop¬ 
ment  of  a  hot  cathode,  multisection 
tube  permitted  the  production  of  a 
copious  and  consistent  source  of 
electrons  by  which  x-rays  could  be 
produced  in  a  tube  in  which  the  volt¬ 
age  gradients  could  be  restricted  to 
safe  limits.  The  use  of  this  tube  in 
a  self-rectifying  circuit  arrange¬ 
ment  eliminated  the  rambling,  space 
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Sectional  drawing  oi  the  multisection  x-ray 
tube  concentrically  mounted  within  the  high 
Toltage  resonance  transiormer.  The  unit  has 
a  diameter  oi  3  feet  and  a  total  length  oi 
6  ieet 


Simplified  wiring  diagram  oi  connections 
for  the  x-ray  unit.  The  section  in  upper 
right  comer  is  contained  in  the  tank,  while 
rest  oi  equipment  is  relay  rack  mounted 
control  system 


The  x-ray  tube  in  position  ior  examining  a 
section  oi  a  thick  casting.  The  x-roy  film, 
in  light  protected  enrelope,  will  be  affixed 
to  the  casting  below  the  target  oi  the 
x-ray  tube 


trial  x-ray  unit  is  housed  in  a  tank 
4  feet  in  length  and  3  feet  in  diam¬ 
eter,  but  the  projections  of  the  con¬ 
centrically  mounted  x-ray  tube  and 
other  parts  increase  the  overall 
length  to  about  6  feet.  The  unit 
weighs  1500  pounds  and  is  suffi¬ 
ciently  light  and  flexible  as  to  be 
readily  moved  about  by  means  of  a 
crane  for  the  examination  of  indus¬ 
trial  welds  and  castings  which  may 
weigh  as  much  as  60  to  90  tons. 
Lest  the  reader  gain  the  impression 
that  three-quarters  of  a  ton  hardly 
represents  a  portable  unit,  it  is  w’ell 
to  point  out  that  this  represents  the 
complete  x-ray  unit,  except  for  the 
appropriate  relay-rack  type  of  con¬ 
trol  panel,  and  to  point  out  further, 
that  only  a  few  years  ago  a  multi¬ 
story  building  was  required  to  house 
an  800,000  volt  medical  radiographic 
unit;  that  an  800-kv  multisection 
tube  operated  in  air  was  14  feet  long 
and  1  foot  in  diameter,  while  the 
million  volt  tube  operated  in  an 
atmosphere  of  Freon,  has  an  insulat¬ 
ing  envelope  30  inches  long  and  3i 
inches  in  diameter. 

(Conthuted  on  page  110) 


consuming  rectifiers  of  former  in¬ 
stallations.  The  development  of  a 
180  cps  resonance  transformer  made 
possible  the  generation  of  the  high 
voltage  utilized  by  the  tube,  while 
at  the  same  time  provided  an  un¬ 
usually  compact  and  fool-proof  hous¬ 
ing  which  automatically  affords  the 
necessary  protection  from  high  vol¬ 
tages  even  without  the  outer  shell 
casing,  by  permitting  the  tube  to  be 
inserted  within  the  transformer  it¬ 
self.  The  complete  removal  of  air 
and  moisture  from  the  transformer 
and  tube  housing,  and  its  replace¬ 
ment  with  Freon,  a  gas  of  unusually 
high  insulating  properties,  has  per¬ 
mitted  great  reductions  in  the  physi¬ 
cal  size  of  the  complete  unit  for  a 
given  operating  voltage.  Finally, 
provision  for  focusing  the  beam  of 
x-rays  not  only  permits  the  attain¬ 
ment  of  more  sharply  defined  radio¬ 
graphs,  but  speeds  up  the  taking  of 
test  and  routine  radiographs  by 
making  unnecessary  the  use  of 
lead  blocks  for  the  reduction  of 
scattered  radiation  through  appro¬ 
priate  shielding. 

The  complete  million  volt  Indus- 
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DIELECTRIC  IGNITERS  for 


A  study  of  the  igniting  conditions  in  mercury  pool  tubes  indicates  that  conduction  can  be 
initiated  by  a  dielectric  igniter.  Use  is  made  of  the  ability  of  glass  to  witlistand  increased 
potential  gradients  as  its  thickness  is  decreased.  This  article  gives  the  fundamentals  of  suc¬ 
cessful  tube  operation,  and  indicated  good  agreement  between  the  theory  and  experiment. 


About  thirty  years  ago  Peter 
I  Cooper  Hewitt  started  an  arc 
on  a  mercury  pool  cathode  by  apply¬ 
ing  high  voltage  between  the  cathode 
and  a  metal  band  placed  around  the 
tube  at  the  mercury  level.  Because 
of  its  simplicity  this  method  for 
starting  has  been  used  to  some  ex¬ 
tent  since,*  mainly  for  arc  lamps. 
However,  it  is  not  very  reliable  be¬ 
cause  of  the  formation  of  neutraliz¬ 
ing  charges  along  the  glass  wall  and 
also  because  of  the  danger  of  elec¬ 
trical  breakdown  of  the  tube  walls. 

An  improved  dielectric  starter 
was  devised  several  years  ago*  by  re¬ 
lieving  the  dielectric  layer  of  its  for¬ 
mer  duty  as  a  wall  of  the  tube.  It 
thus  became  possible  to  make  the 
layer  very  thin  and  to  take  advan¬ 
tage  of  the  singular  property  of 
glass  to  withstand  an  increased 
voltage  gradient  for  very  thin 
layers.* 


need  be  applied  to  the  exact  geome¬ 
try  of  the  meniscus  with  a  quiescent 
pool  because  in  ordinary  operation 
surface  ripples  always  exist  which 
continuously  change  the  form  of 
the  meniscus.  It  is  therefore  as  well 
to  consider  a  meniscus  bounded  by 
plane  surfaces.  Calculations  of  the 
electrostatic  forces  involved  and  de¬ 
forming  the  meniscus  are  given  in 
the  appendix. 

The  lines  of  force  of  the  electric 
field  pass  from  starter  core  wire,  W 
through  the  glass  dielectric  (dielec¬ 
tric  constant  ;  =  5)  to  the  mercury. 
Others  also  pass  through  the  menis¬ 
cus  depression  (5  =  1)  into  the 
cathode  pool  (Hg).  The  voltage  ap¬ 
plied  to  the  starter  is  E,  and  Ei  and 
d  are  voltage  drop  and  width  along 
a  line  of  force  across  the  layer,  while 
Et  and  8  are  correspondingly  voltage 
drop  and  length  of  field  line  across 
the  vacuum  gap  that  is  formed  by 
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A  typical  dielectric  starter  con¬ 
sists  of  one  or  several  wires  of 
tungsten  coated  with  glass  and  fioat- 
ing  on  or  dipping  into  the  mercury 
pool.  Typical  dimensions,  as  given 
in  Fig.  1,  are:  radius  of  the  core 
wire  r  =  0.325  mm  (25  mil  wire) 
and  thickness  of  the  glass  layer  d 
=  0.075  mm  (3  mil).  So  long  as  the 
mercury  pool  is  free  from  impurities 
and  resulting  chemical  deterioration, 
a  meniscus  depression  exists  at  the 
edge  of  the  starter  forming  a  curved, 
wedgelike  approach  from  mercury  to 
glass. 

To  present  a  possible  theory  of 
the  dielectric  starting  mechanism,  a 
magnified  section  of  Fig.  1  is  shown 
in  Fig.  2.  No  particular  significance 


Fig.  I — Cross  section  of  igniter  element  in  mercury  pool,  showing 
the  meniscus  which  is  formed  at  the  edge  of  the  starter  electrode 


Fig.  2 — Field  coniigurotions  of  the  starter  element  upon  which  the 
principles  of  this  article  are  based 
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Mercury  Pool  Cathode  Tubes 


Fig.  3 — Ignition  characteristict  of  tho  dip-in  starter  elec¬ 
trode.  Ignition  occurs  for  Toltages  oboee  3.000  or  4.000  Tolts 


the  meniscus.  The  field  in  the  dielec¬ 
tric  layer  is  F,  and  F,  is  the  field 
in  the  gap. 

Now  Ei-\-  E 
and  F*  =  (A 

or  Ei/b  ■=  \Ei  d 

Therefore 

El  “  Et  d/ {  5 

and  F  =  Fj  ^1  + 

Hence,  Fj  =  — and  Fj  =  — ^—r 
a  a 

H- -  5-I-  — 

i { 

and  for  5«  d  we  have  approximately  Fi  = 

iE/d. 

Therefore,  applying  5  kv  to  the 
above  starter  (F  =  5000  volts)  the 
field  at  the  bottom  of  the  gap  may 
build  up  to 

Fj  'S'  5  X  5000/0.0075  =  i3300  kv  per  cm 

while  the  strain  on  the  insulating 
layer  is  not  larger  than 

Fj  "S'  (560  kv  per  cm 

Thus,  without  undue  strain  on  the 
dielectric  layer,  an  exceedingly  high 
field  is  built  up  on  the  edge  of  the 
mercury  pool.  Since  cold  emission 
starts  at  around  1000  kv  per  cm‘  it 
appears  that  under  favorable  cir¬ 
cumstances  a  starter  of  the  described 
dielectric  type  may  initiate  a  dis¬ 
charge  from  a  pool  at  as  little  as 


1500  to  2000  volts.  This  is  indeed 
the  lower  voltage  limit  at  which  occa¬ 
sional  discharges  are  observed 
around  the  starter. 

If  the  mercury  in  such  a  tube 
develops  an  oxide  film  or  if,  due  to 
other  chemical  impurity  (copper  or 
barium  amalgam,  for  instance)  it 
gets  sticky,  the  meniscus  depres¬ 
sion  disappears  and  the  mercury 
starts  to  wet  the  surfaces.  Such  tubes 
get  insensitive,  for  although  the 
starter  may  be  satisfactory  in  every 
other  respect,  it  cannot  raise  the 
critical  field  strength  to  the  cold 
emission  limit.  It  seems  to  be  a  fact 
strengthening  the  above  theory  that 
at  the  same  degree  to  which  the 
meniscus  depression  disappears  (due 
to  gradually  developing  stickiness) 
starting  sensitivity  is  reduced. 

Under  favorable  conditions  cold 
emission  adjacent  to  the  starter  is 
followed  by  formation  of  a  self-sup¬ 
porting  gas  discharge  and  a  cathode 
spot  on  the  mercury  pool.  Such 
favorable  conditions  are  a  gas  or 
vapor  pressure  sufficiently  high  to 
cause  ionization  of  the  emitted  elec¬ 
trons  at  such  a  distance  that  the 
ions  will  strike  back  on  the  original 
point  of  emission  without  too  much 
dispersion.  For  these  reasons,  start¬ 
ing  below  freezing  temperatures  is 


difficult  unless  some  inert  gas  is 
added  to  the  mercury  vapor  in  the 
tube. 

The  time  of  buildup  of  the  di¬ 
electrically  ignited  discharge  has  not 
been  accurately  measured  experi¬ 
mentally,  but  from  theoretical  de¬ 
duction  it  can  be  assumed  to  take 
place  within  a  few’  tenths  of  a  micro¬ 
second  (see  appendix)  which  is  also 
approximately  the  pickup  time  of 
thyratron  and  ignitron  tubes. 

No  appreciable  heat  appears  to  be 
involved  either  in  dielectric  ignition 
or  in  support  of  the  mercury  pool 
cathode  spot.  A  field  strength  of  the 
order  of  100  kv  per  cm  enables  the 
free  conduction  electrons  within  the 
atomic  structure  of  a  metal  to  over¬ 
come  the  barrier  of  the  surface 
forces  and  to  leap  the  surrounding 
space.  In  contrast  to  thermionic 
emission  this  so-called  cold  emission 
is  not  affected  by  temperature,  at 
least  in  the  range  between  room 
temperature  and  incandescence,®  but 
it  is  mainly  a  function  of  voltage.* 
Similarly,  as  shown  by  L.  Tonks  and 
others,  the  cathode  spot  on  a  mer¬ 
cury  pool  consists  of  a  high  ionic 
charge  in  so  close  proximity  to  the 
pool  surface  that  electrons  contin¬ 
uously  are  liberated.  The  luminosity 
of  the  cathode  spot  is  not  a  temper- 
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of  the  meniscus  depression,  cleanli¬ 
ness  of  the  mercury,  the  possible 
effect  of  free  charges  on  the  glass, 
etc.  Therefore,  the  prediction  of 
ignition  of  a  dielectric  starter  from 
a  probability  (random)  law  is  as 
impractical  as  the  prediction  of  back¬ 
fires  in  a  high  voltage  tube.  Test 
results  are  shown  in  Fig.  3  for  a 
mercury  pool  tube  with  a  single  dip¬ 
in  starter  of  the  type  described 
above.  The  curve  gives  average  val¬ 
ues  and  is  arranged  to  cover  as  many 
measured  points  as  practicable. 
These  points  were  measured  using 
an  ignition  counter  and  a  response 
counter  while  the  tube  was  excited 
from  a  60  cps  peaker  transformer 
with  an  impulse  voltage  30  deg  in 
width  at  base  of  wave.  Using  sine- 
wave  excitation  the  distribution  of 
points  is  more  erratic  and  average 


ature  radiation  but  it  is  due  to 
excitation  and  recombination  of 
ions.  Therefore,  although  the  arc 
develops  in  the  immediate  proxim¬ 
ity  of  the  thin,  vulnerable  starter 
coating,  no  evidence  of  heating  of 
that  glass  layer  has  been  encountered 
even  with  currents  rising  in  a  few 
milliseconds  to  thousands  of  am¬ 
peres,  as  happens  in  some  welding 
applications. 

It  has  often  been  suggested  and  it 
probably  will  be  the  future  trend 
to  use  dielectric  starter  materials 
with  a  higher  dielectric  constant. 
Pyrex  glasses  have  a  dielectric  con¬ 
stant  of  about  4  to  5 ;  there  are 
glasses  with  S  =  16;  there  are  ceram¬ 
ics  containing  Rutil  (TiOa)  with  I  = 
100  and  wdth  certain  crystals  much 
higher  dielectric  values  have  been 
observed.  With  such  high  dielectric 


been  observed  with  properly  pro¬ 
cessed  tubes  during  about  one  year 
of  operation  on  welding  duty. 

Vibrations  upset  measurements  of 
the  starting  characteristic  by  caus¬ 
ing  frequent  ignitions  at  exception¬ 
ally  low  voltages.  Sudden  variations 
of  the  meniscus  shape  and  perhaps 
also  friction  phenomena  are  believed 
to  be  the  reason.  Very  similar  to 
the  influence  of  mechanical  vibra¬ 
tions  is  the  effect  of  steep  wave 
fronts  on  the  starting  voltage.  Here, 
too,  the  meniscus  is  suddenly  agi¬ 
tated  and  may  be  ruptured  in  some 
cases  by  the  rapidness  of  appear¬ 
ance  of  the  electrostatic  force.  (See 
appendix  for  calculations.) 

Above  the  zone  of  erratic  be¬ 
havior,  and  below  the  breakdown 
limit  of  the  glass,  a  relatively  wide 
range  for  reliable  practical  opera¬ 
tion  exists.  This  practical  range 
(from  5  to  9  kv)  is  sufficiently  w'ide 
and  stable  to  grant  the  practical 
applicability  of  the  dielectric  starter 
types  in  their  described  present  state 
of  development. 

In  tubes  containing  mercury 
vapor  alone,  most  favorable  starting 
conditions  fortunately  prevail  at 
normal  operating  temperatures.  At 
low'  temperatures,  around  0  deg  C, 
operation  stops  in  tubes  of  the  usual 
construction.  The  starter  produces 
tiny  sparks  at  the  edge  of  the  mer¬ 
cury,  but  the  ensuing  discharge  is 
not  concentrated  enough  to  produce 
the  high  local  ion  density  necessary 
to  build  up  the  luminous  cathode 
spot.  Tow’ards  higher  temperatures, 
on  the  other  hand,  the  limit  of  oper¬ 
ation  is  reached  beyond  80  deg  C.  At 
this  temperature  the  mercury  pres¬ 
sure  is  so  high  that  a  glow  forms 
around  the  starter  lead  inside  the 
tube.  This  glow  drains  the  ignition 
voltage  source  and  reduces  the 
starter  potential  below’  the  value 
required  for  ignition. 

The  capacity  of  a  single  starter 
element  which  dips  1  cm  into  mer¬ 
cury  is  about  15  mxf.  Such  single 
starters  are  not  practical ;  present 
day  tubes  contain  several  starter 
elements  connected  inside  of  the 
tube  to  their  common  supply  lead 
through  fusible  links.  If  one  starter 
element  should  contain  an  overlooked 
manufacturing  flaw,  or,  due  to  acci¬ 
dental  overvoltage  should  become 
punctured  and  make  connection  to 
the  pool,  the  fusible  link  is  blown, 
and  the  rest  of  the  starter  assembly 
is  kept  operating  as  before.  Such 


Fig.  4 — View  of  pool  cathode  with  floating  starter  assembly 


material,  sufficient  field  strength  at 
the  mercury-dielectric  point  of  con¬ 
tact  could  be  obtained  using  a  much 
thicker  dielectric  layer  and  therefore 
possibly  be  cut  into  such  thick  lay¬ 
ers  to  further  increase  the  area 
available  for  the  formation  of  menis¬ 
cus  depressions  at  the  contact  edge 
to  the  mercury  pool. 

Experience  shows  that  the  igni¬ 
tion  voltage  limits,  below  which  the 
dielectric  starter  will  fail  to  ignite 
and  above  which  it  will  operate  re¬ 
liably,  are  not  sharply  defined  A 
great  number  of  independent  fac¬ 
tors  influence  ignition  potentials, 
as,  for  instance,  the  erratic  shape 


starting  values  are  betw’een  10  per¬ 
cent  and  20  percent  higher.  The 
measurements  were  made  with  mer¬ 
cury  condensing  at  room  tempera¬ 
ture. 

The  influence  of  age  on  the  start¬ 
ing  characteristic  is  not  yet  suffi¬ 
ciently  explored  to  allow  giving  defi¬ 
nite  information  in  connection  with 
surface  deterioration  and  insensitiv¬ 
ity  as  may  influence  life.  Such 
effects,  how’ever,  may  be  caused  by 
impurities  w’hich  however  do  not 
necessarily  follow  w’ith  extended  use 
of  the  tube.  In  contrast,  only  a  slight 
initial  decrease  in  sensitivity  and  a 
remarkable  stability  thereafter  have 
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assembly  starters  have  capacities  be¬ 
tween  30  and  150  mxf,  the  lower 
values  corresponding  to  the  dipping 
type  used  for  smaller  tubes  and  the 
larger  values  to  the  floating  type  in 
bigger  and  more  expensive  tubes. 
(See  Figs.  4  and  5).  At  3  kv  rms 
such  starters  draw  a  charging  cur¬ 
rent  of  30  to  150  microamperes  at 
sinusoidal  60  cps  excitation,  or  con¬ 
sume  about  150  to  750  milliwatts. 
Resistors  of  the  order  of  10  to  100 
megohms  are  allowable  in  the  igni¬ 
tion  circuit.  To  pass  the  increased 
amount  of  instantaneous  charging 
current  these  values  must  be  re¬ 
duced  by  the  factors  10  or  100  (de¬ 
pending  on  steepness)  if  peaked 
starting  impulses  are  used. 

Several  outstanding  features  of 
the  mercury  pool  tube  with  a  dielec¬ 
tric  starter  appear  from  the  fore¬ 
going  description.  It  combines  the 
peak  current  carrying  ability,  in¬ 
herent  to  mercury  pool  cathodes, 
with  a  very  low  starting  power  re¬ 
quirement;  the  dielectric  starter 
does  not  overheat  from  excitation  at 
high  frequencies,  and  no  rectifying 
means  are  necessary  in  the  starter 
circuit.  Though  present  experience  is 
too  limited  to  review  the  practical 
applications  of  the  new  tube,  it  can 
be  stated  that  its  life  and  reliability 
seem  amply  sufficient  to  grant  it  a 
place  of  its  owm  amongst  the  re¬ 
lated  members  of  the  tube  family. 

Appendix 

A  typical  starter  has  the  follow¬ 
ing  dimensions: 

Radius  of  conducting  core  r  = 
0.325  mm 

Thickness  of  insulating  layer 
d  =  0.075  mm 

Dielectric  constant  of  layer 
C  =  5 

Voltage  applied  between  core 
and  mercury  pool  A’  =  5  kv  peak 

1.  The  highest  dielectric  stress  in 
the  layer,  at  its  inside  bordering  the 
core  wire: 

E 

F  w  = - - — ; — =  740  kv  per  cm 

At  breakdown  voltage  E,  —  12  kv 
the  field  across  the  layer  becomes 
1780  kc  per  cm. 

2.  The  electrostatic  force  deform¬ 
ing  the  meniscus  gap  and  pressing 
the  mercury  on  the  layer: 

1 

7*  =  —  f  ; 

2 


I.  =  0.886  X  10-“ 

volt  cm 

=  0.08  or  0.82  Kg /cm  * 

or  about  11  pound/ square  inch** 

At  60-cps  excitation  this  force  varies 
120  times  per  second  between  zero 
and  full  value  and  is  responsible  for 
a  visible  stirring  of  the  pool  sur¬ 
face  and  for  a  variation  of  starter 
capacity  and  pickup  voltage. 

3.  The  capacity  of  a  single  dip  in 
starter  of  the  above  dimensions, 
dipping  about  I  —  10  mm  into  the 
mercury  pool,  in  farads,  is 

C  =  ^  =  13.3  X  10-“ 

Experimental  values  are  about  15  ^p.f. 


Let  1.  be  the  cold  emission  current,  having 
a  value  of  1  ma, 

it  be  the  anode  current  after  establish¬ 
ment  of  the  discharge,  and  having 
a  value  of  10  amperes, 
t  be  the  time  required  to  establish  the 
discharge, 

be  the  electron  transit  time  from 
cathode  to  anode,  determined  from 
the  equation,  =»  (2wd*/'e  E)  ^ 
Z  be  the  number  of  ions  formed  by  one 
electron  during  one  transit,  and 
having  a  value  of  approximately 
0.15  for  1  micron  pressure  and  50 
volts  average  electron  velocity, 
d  be  the  distance  between  cathode  and 
anode,  equal  to  5  cm, 

E  be  the  anode  voltage,  (100  volts), 
and 

e/m  be  the  ratio  of  charge  to  mass  of  an 
electron,  and  equal  to  1.77  X  10* 
absolute  electromagnetic  units  per 
gram 

Then, 


it  =  t.  H-  {Z/t{) 


I. 


it 

i  dt 


dit  =  (Z  t 


i  dt 

J  t  =  o;i 


it  =  io  exp  {Zt,  t() 


Fig.  5 — Assembly  of  tubes  with  dielectric  igniter,  as  used 
in  industrial  equipment 


4.  On  the  capacitive  current  of 
the  starter  there  is  superimposed 
an  ohmic  leakage  current  of  the  same 
amount  of  a  few  microamperes.  Re¬ 
sistance  measurements  with  a  dip 
in  the  starter  showed  almost  the 
same  value  of  3  x  10“  ohms  at  room 
temperatures  with  d-c  and  60-cps 
excitation  for  voltages  between  3  kv 
and  5  kv.  From  this,  the  resistivity 
of  the  glass  layer  is  found  to  be  10" 
ohms  per  cm. 

5.  The  pick-up  time  of  the  dielec¬ 
trically  started  discharge  may  be 
calculated  as  follows: 

*•  .\t  l>reiikd<)wn  voltage  the  electrostatic 
force  across  the  layer  rises  to  aimost  - 
aliiiospheres. 


t  -  Z)  In  {it/io) 

=  9.7  X  10  ■*  sec. 

A  more  exact  calculation  should 
take  into  account  the  increase  of  t 
due  to  ionizing  collisions  and  would 
lead  to  a  somewhat  greater  value 
of  t. 
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Typical  manufacturing  layout  for  mass  production  of  predsimi  radio  equip¬ 
ment  ot  the  HaKcrofltm  plont.  Large  defense  orders  with  early  delivery 
dotes  hove  forced  the  development  of  a  new  assembly  techidque  for  ap¬ 
paratus  formerly  mode  by  custom  built  methods.  An  essentiol  part  of  the 
new  technique  h  the  dose  spodng  ^  inspectors  along  the  assembly  Kne 


MASS  PRODUCTION  foi 


STIMULATED  by  the  greatly  increased  demand 
of  recent  months  for  their  products,  manufac¬ 
turers  of  precision  radio  equipment,  including 
receivers  and  transmitters,  have  adopted  mass  pro¬ 
duction  methods  to  replace  the  formerly  used  “custom 
built”  methods.  It  has  been  necessary  to  maintain 
the  accuracy  and  quality  of  workmanship  achieved 
by  a  few  skilled  workers  building  a  complete  unit 
from  the  ground  up.  A  few  organizations  have  made 
this  transition  successfully,  and  others  are  still  work¬ 
ing  to  adjust  their  factory  technique  to  get  the  most 
out  of  the  heavy  influx  of  new  orders. 

As  an  example  of  how  straight-line  production  can 
be  made  to  produce  precision  electronic  equipment  in 
large  quantities  without  sacrificing  quality.  Elec¬ 
tronics  offers  a  study  of  the  production  line  at  The 
Hallicrafters  Co.,  Chicago.  One  of  the  leaders  in  the 
manufacturing  of  communication  receivers  and  low- 
powered  transmitters,  Hallicrafters  has  stepped  up 
production  to  an  estimated  35,000  units  for  1941 
through  the  development  of  this  new  technique.  Their 
engineers  have  worked  out  a  form  of  straight-line 
production  which  is  a  modification  of  the  factory 
plan  used  by  most  manufacturers  of  home  receivers, 
except  that  the  assembly  line  is  interspersed  with 
inspectors  at  frequent  intervals  to  keep  each  opera¬ 
tion  at  a  high  quality  level. 


It  is  a  very  easy  matter  to  say  that  this  type  of 
apparatus  should  be  produced  in  a  high  speed 
assembly  line,  but  it  is  quite  different  to  design  such 
an  assembly  line  to  do  the  job.  Different  concepts 
of  how  various  operations  should  be  performed  are 
necessary.  Methods  which  are  entirely  satisfactory 
for  home  receivers  may  or  may  not  be  adequate  for 
the  precision  equipment  under  discussion.  Time 
and  motion  studies  must  be  made  and  the  new  per¬ 
sonnel  trained.  In  addition  to  the  usual  difficulties 
of  setting  up  a  production  schedule,  there  are  the 
difficulties  of  an  organization  which  is  used  to  think¬ 
ing  in  terms  of  a  very  small  number  of  units  per 
day,  week  or  month,  suddenly  swinging  over  to  manu¬ 
facturing  large  numbers  of  units  in  the  shortest 
possible  time. 

In  the  Hallicrafters  plant,  the  chassis  of  a  receiver 
or  a  transmitter  travels  directly  along  the  assembly 
line  from  the  time  it  is  stamped  out  until  the  com¬ 
pleted  unit  is  placed  in  a  cabinet  and  checked  against 
laboratory  standards  or  government  specifications. 
As  the  chassis  is  passed  along  the  line  the  various 
parts  and  sub-assemblies  are  inserted  and  connected 
in  much  the  same  manner  as  it  is  done  in  standard 
mass  production  lines  for  home  receivers.  Probably 
the  greatest  difference  between  the  Hallicrafters  “pre¬ 
cision”  production  line  and  the  standard  production 
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3  other  major  assembly  lines  feed  in  to  use  these  final 
facilities  in  common 


Final 
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Mechanical 
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---  Final 
--  Test  ” 


Packing  b^Shipping 


5  Operators  14  Operators  3  Operators 

6  Operators  2  Operators 


line  is  in  the  method  of  inspecting  the  partially 
assembled  units.  Here,  inspectors  are  placed  after 
every  third  operator  to  catch  defects  as  soon  as  pos¬ 


sible  after  they  occur.  In  addition  to  physical  tests, 
the  circuits  are  also  given  electrical  tests  to  insure 
that  they  operate  properly  as  soon  as  they  are  com¬ 
pleted.  At  a  given  inspection  station,  all  the  work  of 
previous  operators  is  reinspected  so  that  by  the  time 
a  receiver  or  transmitter  is  completed,  some  of  the 
w’ork  may  be  inspected  as  much  as  half  a  dozen  times. 
It  is  this  rigid  inspection  plus  a  large  number  of 
simple  assembly  operations  performed  by  relatively 
unskilled  workers  that  permits  the  high  quality  of 
custom  built  apparatus  to  be  maintained  in  the  face 


2  On  arriTal  at  the  factory,  all  com- 
ponentg  are  inspected  and  checked 
against  the  laboratory  specifications 


1  Finished  engineering  model  of.  a 
Hallicrafter's  Super  Skyrider  receirej 
final  checking  before  engineers  plan 
a  flow-sheet  for  its  mass  production 


3 


3  In  preparation  ior  rapid  astembly  J  The  coble  is  pre-ossembled  by  girls  RiTeting  the  chassis  as  it  is  pre¬ 
work  on  the  line,  all  hook-up  wire  is  A  who  carry  the  right-colored  wire  Q  pared  ior  the  assembly  line.  It  was 

cut  in  adeonce  by  a  girl  whose  in-  around  nails  placed  in  this  board  by  stamped  from  one  piece  oi  metal  with 

structions  speciiy  color  oi  wire.  lengJi  and  the  production  engineer.  Routeing  oi  each  the  corners  spot-welded  as  in  Fig.  6.  Boke- 

quantity.  This  machine  also  strips  insula-  wire  is  marked  on  the  board.  Heary  cord  lite  sockets,  ground  and  tie-lugs  hare  been 

tion  irom  tips  to  iacilita’.e  assembly  ties  wires.  Completed  coble  on  girl's  leit.  installed.  It  now  goes  to  assembly  line. 


of  unprecedented  demands  for  equipment  in  a  hurry. 

Hallicrafters  does  not  follow  the  usual  custom  of 
high-speed  radio  production  lines  of  tagging  defec¬ 
tive  units  and  permitting  them  to  be  completed  before 
removing  them  from  the  line.  When  a  chassis  is 
rejected  at  any  point  on  the  line,  it  is  removed 
immediately  and  given  to  a  trouble  shooter  who 
replaces  the  defective  part  or  rewires  the  circuit  to 
eliminate  the  fault.  The  chassis  is  then  returned  to 
the  inspector  who  rejected  it  for  reinspection  after 
which  it  is  completed  in  the  usual  manner. 

As  in  any  other  mass  production  system,  sub- 
assembly  lines  are  operated  in  parallel  with  the 
major  assembly  line  and  are  joined  to  it  at  the  proper 
points  where  the  sub-assemblies  are  incorporated 
into  the  chassis.  These  sub-assembly  lines  also  have 
their  own  inspectors  who  work  in  the  same  manner 
as  the  major  line  inspectors.  In  both  the  major  and 
sub-assembly  lines  the  operators  are  trained  as 
specialists  in  a  small  number  of  simple  operations. 
The  number  of  operations  assigned  to  each  operator 
is  set  so  that  the  time  required  for  each  set  of  opera¬ 
tions  is  about  the  same. 


6  Spot  welding  the  corners  oi  a  chassis  that  has  been  stomped 
.  from  one  piece  oi  metal  in  the  Hallicraiter's  machine  shop 


^  r 


n 


A  r«ceiT«r  pastes  from  inspectors  to  the  instrument-lined 
booth  of  an  engineer  where  he  phases  the  r-i  stage.  The 
set  has  already  been  aligned  and  tested  electrically 


Precision  instruments  are  used  in  the  final  test  on  a  com¬ 
pleted  marine  transmitter  and  receieer.  Tests  are  made 
against  laboratory  standards  and  government  specifications 


BA  sub-assembly  unit,  the  coil  form  for  a  Hallicraiter's  Model 
SX-28.  on  its  short  assembly  line.  This  will  feed  into  the 
major  line  at  the  point  where  the  chassis  is  ready  for  the 
installation  of  this  unit.  The  line  has  five  girls  and  three  inspectors 


The  coil  form  seen  in  Fig.  8  joins  the  mojor  assembly  lin< 
where  it  is  first  inspected  then  quickly  installed  in  th< 
chassis.  Gang  condensers  are  also  made  up  as  a  uni 


7  Assembly  of  a  Hallicrafter's  Skybuddy  flows  smoothly  and 
quickly  down  the  production  line  with  an  inspector  located 
after  each  three  girl  operators,  checking  and  re-checking  to 
maintoin  quality.  Each  girl  is  allotted  the  same  amount  of  time 


One  of  the  many  inspectors  whose  rigid  checking  and 
re-checking  keep  straight-line  production  at  the  quality 
level  which  Hallicrafter's  products  must  maintain 
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PHASE  SHIFTING 
UP  to  360  DEGREES 


IT  is  well  known  that  in  a  circuit 
composed  of  resistive  and  reac¬ 
tive  elements  in  series  the  voltage 
drop  appearing  across  the  various 
elements  may  be  either  in  phase  with 
the  current  or  leading  or  lagging  it 
by  any  angle  up  to,  but  not  exceed¬ 
ing  90  degrees,  depending  upon  the 
circuit  proportions.  It  is  a  patent 
fact  that  the  great  bulk  of  the  phase 
shifters  in  use  today  utilize  this 
principle  in  its  simplest  form.  There 
appears  in  the  literature  little  speci¬ 
fic  information  on  phase  shifting 
bridges  and  circuits,  with  the  re¬ 
sult  that  many  phase-shifting  jobs 
are  done  in  a  makeshift  manner, 
and  no  doubt  many  are  not  done  at 
all.  It  is  the  purpose  of  this  paper 
to  survey  the  general  types  of 
phase  shifters  available,  and  to  de¬ 
scribe  a  continuously  adjustable 
0-360  degree  phase  shifter  for  oper¬ 
ation  over  a  wide  range  of  fre¬ 
quencies. 

Siaglc-Rcaetaac*  Bridge  Pbate  Shifter 

A  bridge  involving  a  single  re¬ 
active  element  capable  of  a  phase 
shift  from  zero  to  almost  180  degrees 
is  shown  in  Fig.  1.  A  capacitance 
is  shown,  although  an  inductance 
would  work  practically  as  well.  In 
general,  capacitive  reactance  ele¬ 
ments  are  preferred  over  the  induc¬ 
tive  because  of  the  higher  Q  readily 
attainable  and  because  of  economy, 
and  freedom  from  extraneous  fields. 
The  principle  of  operation  is  dem¬ 
onstrated  in  the  vector  diagram  of 
Fig.  1.  The  current  h  flowing 
through  Xc  and  R  gives  rise  to 
voltage  drops  hXc  and  hR  which  are 
mutually  perpendicular.  The  out¬ 
put  voltage  is  that  vector  voltage 
appearing  between  the  junction  of 
I.R  and  hXe  and  the  junction  of 
J^Ra  and  ItRa. 

If  Ra  is  equal  to  Rb,  the  output 
voltage  will  be  equal  to  half  the  in¬ 
put  voltage  and  will  remain  constant 
as  long  as  the  input  voltage  is  con- 


Fig.  1 — The  single  reactance  bridge  phase  shifter  and  its  rector 
diagram.  The  output  voltage  is  constant  for  varying  phase 
angles  when  Ra  =  Rb 


Fig.  2 — Diagrams  showing  how  the  circuit  of  Fig.  1  can  be  made 
to  produce  varying  output  voltages  for  varying  phase  angles 


stant.  Figure  2  shows  the  effect  of  age  connected  to  the  slider  for  ease 

an  inequality  between  Ra  and  Rb.  in  adjusting  this  ratio. 

If  it  is  desirable  to  have  an  output  The  impedance  offered  to  the 
voltage  that  varies  in  a  specified  source  and  to  the  load  depends  upon 

manner  with  the  phase  angle  varia-  the  setting  of  R.  For  instance,  when 

tions,  this  feature  may  prove  useful.  R  =  0,  the  input  impedance  is  Ra 
The  output  voltage  can  be  made  to  and  Rb  in  series  shunted  by  and 

increase,  decrease,  or  remain  con-  when  R  is  a.  maximum  (which  is  very 

stant  with  phase  angle  merely  by  high  compared  to  X,),  the  input 
adjusting  the  ratio  of  Ra  to  R„.  The  impedance  is  very  closely  Ra  and  Rb 

resistance  (Ra  -I-  Rb)  could  be  a  in  series  shunted  by  R.  Buffer 

potentiometer  with  the  output  volt-  amplifiers  or  impedance-matching 
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A  review  of  the  general  subject  of  bridge  phase  shifters  plus  a  description  of  a  continu¬ 
ously  variable  0-360  degree  phase  shifter  which  is  independent  of  frequency  over  a  wide 
range.  A  pair  of  ganged  potentiometers  having  continuous  resistance  elements  are  used 
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Fig.  3 — Double-reactance  bridge 
phase  shifter  and  its  rector  dia¬ 
gram.  Note  that  the  output  roltage 
is  equal  to  the  input  roltage 


Fig.  4 — Lriboratory  model  of  the 
circuit  of  Fig.  3.  At  1000  cps  a 
phase  shift  of  about  174  degrees 
can  be  obtained 


Fig.  S — Suitable  resistance  tapers 
for  bridge  phase  shifters.  The 
rariation  of  phase  shift  with  ro¬ 
tation  of  the  resistance  shaft  de¬ 
pends  upon  this  taper 


and  Cl  which  point  moves  with 
changes  in  R1-R2  setting,  always  be¬ 
ing  diametrically  opposed  to  the 
opposite  junction  point  if  Ri  =  R2 
and  Cl  =  Cl. 

One  of  the  big  advantages  of  this 
bridge  circuit  is  that  the  input  and 
output  voltages  are  always  equal 
as  long  as  the  resistance  arms  are 
equal  and  the  reactance  arms  are 
equal.  A  180-degree  shift  is  available 
if  the  resistance  of  Ri  and  R^  is 
made  infinitely  large  compared  to  the 
reactance  of  Ci  and  C..  The  expres¬ 
sion  for  the  phase  angle  is: 

X, 

6  =  180  —  2  arc  tan  — 

R 

The  impedance  of  this  type  of 
shifter  also  varies  with  the  setting 
of  the  adjustable  arms.  The  input 
impedance  varies  approximately 
from  a  reactance  of  half  that  of  one 
reactive  arm  to  a  resistance  whose 
magnitude  is  half  that  ol  one  re¬ 
sistive  arm.  The  output  impedance 
varies  in  a  similar  manner. 


transformers  may  be  used  to  mini¬ 
mize  the  effects  of  this  variable  im¬ 
pedance.  A  tapped  transformer  wind¬ 
ing  may  be  used  in  place  of  Ra  and 
Rb  if  desired. 


Double-Reactance  Bridge  Phase  Shifter 

A  phase  shifter  similar  in  many 
ways  to  the  shifter  described  above 
is  the  double-reactance  phase  shifter 
illustrated  in  Fig.  3.  An  examina¬ 
tion  of  the  vector  diagram  will  re¬ 
veal  that  it  is  built  up  of  two  halves, 
each  similar  to  that  of  Fig.  1.  In¬ 
stead  of  terminating  one  end  of  the 
output  voltage  vector  at  the  fixed 
junction  of  Ra  and  Rb  as  in  the 
single-reactance  bridge  of  Fig.  1,  it 
is  terminated  at  the  junction  of  /?, 
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Shifter  set  for  90' 


An  inexpensive  double-reactance 
bridge  of  this  phase  shifter  is  shown 
in  Fig.  4  built  up  in  a  form  con¬ 
venient  for  laboratory  purposes.  It 
utilizes  0.01  microfarad  condensers 
for  the  reactance  arms  and  a  dual 
250,000-ohm  potentiometer  for  the 
resistance  arms.  At  1,000  cps  this 
bridge  will  give  a  phase  shift  up  to 
about  174  degrees.  The  taper  of  the 
resistance  elements  determines  how 
the  phase  shift  varies  with  rotation. 
For  the  shifter  described  above, 
taper  G  (or  taper  6)  was  selected, 
which  is  readily  obtained  (in  dual 
form)  on  special  order.  Taper  C  (or 
taper  1)  spreads  the  calibration  out 
fairly  well.  (See  Fig.  5.)  The  ideal 
arrangement  would  be  a  tap  switch 
with  the  resistance  of  each  point 


Fig.  7  — Three-arm 
phase  shiiter  in 
which  the  input  and 
output  have  com¬ 
mon  leads.  The  ou'.- 
put  voltage  is  about 
one  percent  ol  the 
input  voltage 


Fig.  8 — The  360-degree  phase  shifter 
in  which  are  used  two  ganged  po¬ 
tentiometers  whose  contact  arms  are 
set  90  degrees  c^art 

shown  in  Fig.  7  are  satisf^qjpry  for 
1000-cps  operation.  For  case, 

the  output  voltage  is  about  IVIOO  of 
the  input.  For  constant  voltage  out, 
X,  =  R  =  X,  and  R,  =  «,  = 
This  phase  shifter  will  work  after  a 
fashion  without  the  /?-arm.  The  in¬ 
put  impedance  is  essentially  con¬ 
stant,  although  the  output  impedance 
varies  with  potentiometer  setting. 


(Left)  Fig.  6  —  Superimposed  Lis- 
scdous  figures  to  show  the  constancy 
of  output  voltage  of  the  phase  shifter 
of  Fig.  4 


in  parallel,  one  predominately  in¬ 
ductive,  another  resistive,  and  an¬ 
other  capacitive.  The  current 
through  the  L  arm  lags  the  applied 
voltage  almost  90  degrees,  that 
through  the  R  arm  is  in  phase  with 
it,  and  the  current  through  the  C 
arm  leads  the  input  voltage  by  al¬ 
most  90  degrees.  The  voltage  appear¬ 
ing  across  the  coupling  resistors, 
then,  bear  similar  relationships  to 
the  input  voltage,  because  their  re¬ 
sistances  are  low  compared  to  the 
main  reactance  or  resistance,  so  that 
their  presence  is  not  disturbing.  A 
center-tapped  potentiometer  whose 
resistance  is  high  compared  to  the 
coupling  resistors  is  used  to  vary 
the  phase  of  the  output  voltage  from 
nearly  -f  90  degrees  to  nearly  —  90 
degrees. 

One  of  the  chief  characteristics 
of  this  phase  shifter  is  that  the 
output  voltage  is  very  much  smaller 
than  the  input  voltage.  For  this  rea¬ 
son,  the  impedance  of  the  center- 
tapped  potentiometer  should  be  as 
low  as  possible  consistent  with 
coupling  resistor  size  to  minimize 
hum  pickup.  The  component  values 


adjusted  accurately  for,  say,  5- 
degree  steps.  The  calibration  of 
these  bridge  units,  and  in  fact  any 
of  the  simple  phase  shifters,  will 
hold  for  only  a  single  frequency. 
The  constancy  of  the  output  voltage 
of  the  shifter  of  Fig.  4  is  shown  by 
the  oscillogram  of  Fig.  6.  The  input 
voltage  was  applied  to  one  pair  of 
cathode-ray  tube  deflection  plates, 
the  output  voltage  to  the  other  pair 
(through  matching  transformers  to 
work  into  the  single-ended  oscillo¬ 
scope),  and  the  exposure  was  made 
while  the  knob  was  rotated. 


360-Degr*e  Phase  Shifter 

Inasmuch  as  a  maximum  of  90- 
degree  phase  rotation  can  be  ob¬ 
tained  with  an  inductive  reactance, 
and  a  rotation  of  close  to  90  degrees 
in  the  opposite  direction  with  a 
capacitive  reactance,  special  arrange¬ 
ments  must  be  made  to  obtain 
greater  than  a  180-degree  phase 
shift.  The  diagram  of  the  360-degree 
phase  shifter  to  be  described  is 
shown  in  Fig.  8.  The  heart  of  the 
device  is  a  pair  cf  potentiometers 
with  a  continuous  resistance  ele¬ 
ment  and  a  slider  that  can  rotate 
360  degrees.  The  resistance  element 
has  a  tap  every  90  degrees.  The 
two  potentiometers  are  ganged  and 
arranged  so  that,  if  corresponding 


Three-Arm  Phase  Shifter 

All  of  the  phase  shifters  described 
so  far,  and  many  others,  have  double- 
ended  characteristics.  It  is  often 
very  necessary  to  carry  a  common 
lead  (ground,  perhaps)  from  the 
input  to  the  output.  The  phase 
shifter  of  Fig.  7  does  this.  The  in¬ 
put  voltage  is  applied  to  three  arms 
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Fig.  9 — Voltage  cunret  oi  the  360-degree  phase  shifter 
showing  variation  in  output  Toltage  os  the  phase  is  shifted 
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taps  are  in  line,  the  sliders  are  mu¬ 
tually  perpendicular.  A  voltage  is 
applied  to  terminals  C  and  D  on 
one  potentiometer,  and  the  same 
voltage  shifted  90  degrees  is  applied 
to  the  corresponding  taps  (A  and 
B)  of  the  other  unit. 

Any  voltage  appearing  between 
terminals  A  and  B  will  cause  equal 
currents  to  flow  down  each  side  of 
the  potentiometer,  establishing  mid¬ 
points  at  O  and  O'.  The  midpoints 
of  both  potentiometers  will  be  at 
the  same  potential  provided  the  re¬ 
sistance  elements  are  constructed 
uniformly  and  the  taps  located  accu¬ 
rately.  Therefore,  we  know  that  if 
the  slider  moves  between  A  and  B 
the  voltage  between  the  slider  and 
the  midpoints  will  vary  in  magni¬ 
tude  but  not  in  phase.  The  same 
applies  to  the  voltage  from  the  other 
potentiometer,  but  there  will  be  a 


Fig.  13 — Compoiit*  Lisiajous  iigurei  show- 
Fiq.  10 — Circuit  of  a  36O-dogr0«  phase  shifter  which  is  ing  constant  input  ToItage  and  changing 

independent  of  frequency  output  Toltage  of  the  circuit  of  Fig.  10 
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(Left)  Fig.  11 — Laboratory  model  oi  the  360-degree  phase 
shifter  whose  circuit  is  shown  in  Fig.  8.  (Right)  Fig.  12 — 
Lissaious  figures  taken  with  the  360-degree  phase  shifter 


phase  difference  of  90  degrees  be¬ 
tween  any  AB  voltage  and  any  CD 
voltage.  Therefore,  the  axes  shown 
as  an  insert  to  Fig.  9  may  be  set 
up.  If  the  sLders  are  in  the  positions 
shown  in  Fig.  8,  one  voltage  com¬ 
ponent  will  be  half  of  O'A  and  the 
other  half  cf  O'D.  These  tw’o  com¬ 
ponents  are  in  quadrature  and  com¬ 
bine  to  give  a  r2suitant  which  is  the 
output  voltage.  As  the  shaft  is  ro¬ 
tated  through  360  degrees,  the  CD 
and  AB  components  vary  as  shown 
in  Fig.  9,  assuming  0  degrees  shaft 
rotation  is  the  position  shown  in 
Fig.  8  and  that  the  rotation  is  clock¬ 
wise.  The  output  voltage  varies  be- 
(Cont'i)imd  on  }>age  122) 


Electronic  Pyrometer  Control 


A  single  tube  control  circuit  automatically  controls  temperatures  up  to  3300  deg.  F.  in 
industrial  furnaces  using  a  thermocouple  to  measure  temperature  and  a  meter  movement 
which  sets  the  circuit  into  oscillation 


Schematic  wiring  diagram  oi  the  electronic  pyrometer  control  unit 
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The  application  of  electronic  cir¬ 
cuits  to  industrial  apparatus  has 
simplified  and  improved  the  per¬ 
formance  of  many  electrical  and  me¬ 
chanical  control  systems.  In  the 
field  of  pyrometry,  for  example, 
mechanical  devices  have  been  used 
for  a  number  of  years  to  regulate 
the  fuel  supply  of  industrial  ovens 
and  furnaces  where  constant  temper¬ 
ature  is  required.  These  employ  a 
motor-driven  chopper  bar  to  engage 
the  pointer  of  a  m ill i voltmeter  pyro¬ 
meter  and  thereby  actuate  an  elec¬ 
trical  contact  as  the  temperature 
varies  above  and  below  the  set  con¬ 
trol  point.  Although  satisfactory 
operation  is  obtained,  there  are  sev¬ 
eral  disadvantages  to  this  method. 

Electron  tube  control  circuits  will 
eliminate  most  of  these  disadvan¬ 
tages;  for  example,  mechanical  en¬ 
gagement  of  the  pyrometer  pointer 
and  objectionable  time  lag.  In  addi¬ 
tion  all  of  the  moving  parts  are 
eliminated,  making  for  much  sim¬ 
pler  construction. 

The  control  circuit  is  shown  in 
the  accompanying  diagram.  It  con¬ 
sists  of  a  single-tube  oscillator,  plate 
and  filament  voltages  being  supplied 
by  transformer  Ti  fed  from  the  a-c 
line.  A  relay  Mi  controls  the  load 
circuit  and  is  actuated  by  the  plate 
current  of  the  25L6  tube.  A  screen 
potentiometer  R,  is  used  to  adjust 
the  normal  half-wave  plate  current 
to  an  average  value  of  10  milliam- 
peres,  as  indicated  by  meter  M.  The 
oscillating  circuit  itself  constitutes 
an  untuned  grid  coil  Li  and  plate 
coil  L;„  forming  a  type  of  Hartley 
oscillator  capacity  coupled  through 
condenser  Cs  and  inter-electrode  ca¬ 
pacity  within  the  tube.  Another  coil 


Lo,  which  is  effectively  a  portion  of 
La,  by  virtue  of  its  connection  through 
condenser  Cs,  is  degeneratively 
coupled  to  Li  to  normally  prevent  os¬ 
cillation.  When  an  aluminum  vane 
attached  to  the  millivoltmeter 
pointer  enters  the  field  between  Li 
and  Lj  it  acts  as  a  shield  to  isolate 
them  electromagnetically  and  pre¬ 
vent  the  degenerative  action  of  Ls, 
thereby  allowing  the  circuit  to  oscil¬ 
late.  Through  the  action  of  grid 
leak  resistor  Ri  and  condenser  Ci  the 
plate  current  then  drops  to  its  mini¬ 
mum  value  of  0.5  ma.  Another  con¬ 
denser  Cl  acts  as  an  r-f  by-pass  for 
the  screen  grid. 

When  the  temperature  is  low,  the 
control  circuit  is  not  oscillating;  the 
plate  current  is  at  its  maximum 
value  of  10  ma  average;  relay  Mi 
is  energized;  and  fuel  is  being  sup¬ 
plied  to  the  oven  or  furnace  under 
control.  As  the  vane  attached  to  the 
millivoltmeter  •  pointer  enters  the 
field  of  the  coils  Li  and  Li,  oscilla¬ 
tion  gradually  increases  as  the  coils 
are  more  completely  shielded  from 
each  other,  until  the  plate  current 
reaches  its  minimum  value.  This 
region  of  current  variation  is,  of 


course,  determined  by  the  width  of 
the  coils,  which  is  normally  1/16 
inch,  and  the  shape  of  the  leading 
edge  of  the  vane.  The  relay  Mi  is 
adjusted  to  operate  at  an  average 
current  of  5  ma  or  at  the  mid-point 
of  the  coils,  to  give  a  factor  of  safety 
in  each  direction.  Since  the  mil- 
liammeter  M  indicates  at  all  times  the 
operation  of  the  circuit,  it  provides 
a  check  on  the  condition  of  the 
vacuum  tube  so  that  it  may  be  re¬ 
placed  before  it  fails.  The  screen 
voltage  may  be  adjusted  by  means 
of  Ri  to  increase  the  plate  current 
as  emission  drops  off,  or  to  compen¬ 
sate  for  regional  difference  in  line 
voltage.  Tubes  have  operated  con¬ 
tinuously  in  this  circuit  for  over 
four  years  without  serious  loss  of 
emission,  or  any  change  in  the  con¬ 
trol  point. 

This  particular  type  of  circuit  was 
chosen  for  several  reasons:  (1)  it  is 
extremely  simple  and  stable,  (2)  any 
failure  of  the  tube  or  line  voltage 
will  shut  off  the  fuel  to  the  furnace, 
and  (3)  it  eliminates  all  electromag¬ 
netic  and  electrostatic  force  on  the 
millivoltmeter  pointer.  With  a  sensi- 
{Continued  on  page  78) 
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ATTENUATOR  DESIGN 

Formulas  for  Calculating  Resistance  Networks 


The  design  of  resistance  networks,  or  pads,  for  matching  the  impedances  of  two  connected 
circuits,  or  for  inserting  a  definite  attenuation  in  a  circuit,  is  simplified  through  the  use  of 
design  charts  applicable  to  a  wide  variety  of  networks 


The  minimum  Iom  oi  any  pad  inserted  in  a  circuit  is  giyen  in 
decibels  for  impedance  ratios.  Z1/Z2.  oi  from  1  to  100.  The  range 
may  be  extended  ior  yalues  oi  irom  Zi/Zj  =  0.01  to  Zi  Z2  -  1.0  by 
iorming  the  ratio  Z2  ^Zi  which  will  be  greater  than  unity 


By  DAWKINS  ESPY 

KFJ-KECA,  Hollt/trood,  Cal. 


Simple  Toltage  diyiding  network  haying 
giyen  input  impedance  and  speciiied  loss, 
design  data  ior  which  is  worked  out  as 
Problem  1 


Networks  whose  elements  con¬ 
sist  of  pure  resistances  and  whose 
attenuation  does  not  vary  with 
frequency  are  known  as  attenuator 
pads.  There  are  two  common  uses  of 
these  resistance  pads,  namely,  to  match 
the  impedance  between  two  circuits 
and  to  insert  a  definite  loss  in  a  cir¬ 
cuit.  The  physical  interpretation  of  a 
pad  is  a  transmission  line  which  has 
no  reactive  characteristics,  but  rather 
may  be  considered  as  a  group  of  series 
and  shunt  elements  which  are  pure 
resistances. 

Three  factors  determine  the  design 
of  a  pad.  They  are:  (1)  the  input  im¬ 
pedance,  (2)  the  output  impedance, 
and  (3)  the  loss  in  decibels.  For  every 
input  to  output  impedance  ratio  there 
is  a  definite  minimum  loss  for  which 
the  pad  can  be  designed  so  that  (2) 
and  (3)  are  not  completely  independ¬ 
ent.  To  attempt  to  design  a  pad  with 
less  than  this  critical  loss  would  re¬ 
quire  that  at  least  one  of  the  resist¬ 
ances  be  negative,  which  is  physically 
meaningless  for  attenuators  built  of 
customary  resistor  elements. 

In  order  to  know  which  pad  to  em¬ 
ploy  for  a  particular  use  it  is  neces¬ 
sary  to  know  the  electrical  character¬ 
istics  of  the  various  networks.  When 


working  into  a  high  impedance  device, 
it  is  usually  possible  to  use  the  simplest 
form  of  attenuator,  the  potentiometer. 
In  this  type  the  sum  of  the  two  resist¬ 
ance  arms  is  constant,  but  their  ratio 
is  varied.  When  it  is  not  necessary 
that  the  impedance,  looking  back  into 
the  output  terminals  of  the  attenuator 
be  equal  to  the  load  impedance,  an  L 
type  of  attenuator  may  be  used. 

Pads  of  the  T,  H,  y,  and  O  types  are 
useful  where  the  attenuator  impedance 
must  match  the  load  impedance.  Such 
a  situation  occurs  in  low  level,  low  im¬ 
pedance  mixing  and,  in  amplifiers  with 
critical  input  impedance.  When  a  pad 
is  in  a  circuit  which  must  be  balanced 
to  ground  such  as  the  input  of  a  push- 
pull  amplifier,  the  balanced  U,  O  or  H 
attenuators  may  be  used.  Formulas 
are  also  included  for  the  bridged  T, 


bridged  H  and  bridged-balanced  H. 

The  resistance  values  actually  used 
may  deviate  from  the  calculated  values 
by  5  percent  without  mismatching  the 
impedance  by  more  than  that  amount, 
and  varying  the  loss  more  than  0.5  db. 
Since  the  T  and  y  pads  occur  most  fre¬ 
quently  a  second  set  of  formulas  which 
are  easier  to  work  with  than  the  al¬ 
gebraic  type,  are  included. 

Very  often  it  is  desirable  to  have  a 
volume  control  which  reflects  a  con¬ 
stant  impedance  in  both  directions.  It 
is  for  this  purpose  that  the  bridged 
version  of  the  pads  are  most  frequently 
used.  The  bridged  T,  for  example,  has 
the  advantage  over  the  ordinary  T 
that  one  less  resistance  must  be  varied, 
yet  it  still  retains  the  advantage  of  the 
T  in  having  zero  insertion  loss  for 
matching  equal  impedances. 
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D*sigii  Procedure 

The  steps  in  the  design  of  any  pad 
may  be  summarized  as  follows: 

It  Determine  from  Chart  I  the  type 
of  pad  best  suited  for  a  particular 
use.  In  some  cases  particular  networks 
will  be  required;  in  other  cases  several 
network  arrangrements  are  possible,  as 
indicated  above. 

2.  Calculate  the  ratio  of  input  to 
output  impedance  (or  output  to  input, 
whichever  is  the  larger),  and  by  using 
Chart  II  determine  the  minimum  loss 
possible  for  the  given  impedances. 
Chart  II  holds  for  T,  H,  v,  O  balanced 
H,  and  balanced  O  types  of  pads. 

3.  From  Table  I  find  the  value  of  K 
corresponding  to  the  desired  loss  in 
decibels  which  must  be  equal  to  or 
greater  than  the  minimum  loss  deter¬ 
mined  in  step  2. 

4.  Calculate  the  values  of  resistance 
for  the  various  elements  from  the 
formulas  given  in  columns  2  or  4  of 
Chart  I.  If  the  hyperbolic  form  of  the 
formulas  are  used  in  the  case  of  the 
T,  H,  *•,  O,  balanced  H,  and  balanced  O 
pads,  it  is  first  necessary  to  check  the 
desired  loss  as  explained  in  step  2  and 
then  determine  0  from  the  formula  © 
=  0.115^,  where  N  is  the  loss  in  db. 
Then  values  of  sinh  ©  and  tanh  ©  in 
the  case  of  the  T,  H,  or  balanced  H,  or 
the  sinh  ©  and  cosh  ©  in  the  case  of 
the  »■,  O,  or  balanced  O  can  be  found 
on  Chart  III.  It  will  be  noticed  that 
the  curves  for  the  sinh  ©  and  the  cosh 
©  are  broken  up  into  two  sections  for 
increased  accuracy. 

5.  When  it  is  necessary  to  insert  a 
loss  of  more  than  30  or  40  db  it  is 
usually  advisable  to  use  two  pads  in 
series  such  that  the  sum  of  their  losses 
is  equal  to  the  required  amount  rather 
than  a  single  pad. 


Graph  of  hyporbolic  func- 
tions,  which  are  used  in 
many  design  equations  of 
resistance  networks.  Note 
that  multiple  scales  for 
the  functions  are  given, 
and  that  the  sinh  omd  cosh 
functions  are  broken  at 
©  =  3  so  os  to  obtain 
greoter  accuracy 


Chart  IV— Distortion 


Distortion  Measurements 

For  measuring  harmonic  distortion 
a  good  method  is  to  adjust  the  output 
of  the  amplifier  to  the  desired  level 
with  a  constant  frequency  input.  A  fre¬ 
quency  of  400  cps  is  usually  used  for 
this  purpose  because  the  distortion  at 
this  frequency  represents  a  good  aver¬ 
age  of  distortion  throughout  the  audio 
range.  Then  a  high  pass  filter  of  good 
characteristics  is  inserted  to  eliminate 
the  fundamental,  and  the  amplification 
in  db  necessary  to  bring  the  level  back 
up  to  the  previous  value  is  determined. 
This  may  be  accomplished  by  removal  of 
pads  of  known  loss.  Then  by  referring 
to  Chart  IV,  the  harmonic  distortion 
corresponding  to  this  attenuation  may 
be  found.  For  example,  if  it  were  neces¬ 
sary  to  remove  a  30  db  pad  to  regain 
the  original  level,  there  would  exist  in 
this  particular  amplifier  3.16  percent 
harmonic  distortion. 


Graph  for  determining 
percent  distortion  by  not¬ 
ing  the  gain  required  to 
produce  the  original  out¬ 
put  of  a  network,  when 
the  fundamental  frequency 
is  removed  by  use  of  high 
pass  filter 


Chart  1.  at  the  right,  shows  the  most 
common  resistance  networks  for  communi¬ 
cation  uses,  together  with  the  design  equa¬ 
tions  for  both  equal  and  unequal  im¬ 
pedances  between  which  the  pad  works 
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can  then  be  found  from  Chart  III. 
e  =  0.115  N  =  0.115  X  20  =  2.3 
tanh  6  —  0.98 
sinh  0  =  4.9 

4.  The  values  of  the  required  resist¬ 
ors  are  then: 


2.  From  Table  I  the  value  for  K  for 
25  db  loss  is  found  to  be  17.78.  Thus 
X  -  1  =  16.78 

fti  -  500  X  16.78  =■  8390  ohms 


Mismatch  Loss 

If  it  is  desired  to  calculate  the  loss 
incurred  by  mismatching  two  circuits, 
this  can  be  determined  from  the  follow¬ 
ing  equa.tion: 


where  N  is  the  loss  in  db,  and  R  is  the 
impedance  ratio.  This  is  shown  graphic¬ 
ally  in  Chart  VI.  If,  for  example,  the 
mismatch  was  from  a  1000-ohm  circuit 
to  a  500-ohm  circuit,  or  a  500-ohm  cir¬ 
cuit  to  a  1000-ohm  circuit,  the  imped¬ 
ance  ratio  would  be  2:1  and  would  cor¬ 
respond  to  a  loss  of  0.51  db. 


Problem  IV.  Design  a  T  network  to 
work  between  two  500-ohm  circuits  and 
having  a  loss  of  10  db. 

Solution : 

1.  Formulas  for  the  T  network  in 
column  3  of  Chart  I  indicate  the  de¬ 
sired  resistances  are 

ft,  =  f?,  =  Z,  {K  -  l)/(ft  +  1) 

fts  =  2Z,K/{K^  -  1) 

2.  From  Table  1,  K  =  3.162 

3.  The  resistances  of  the  arms  is: 

ft,  =  fts  =  500x2.162/4.162 
=  341  ohms. 

R,  =  1000x3.162/(10  -  1) 

=  352  ohms. 


65  ohms 


Examples 

Problem  I.  Design  a  potentiometer 
having  an  input  of  100,000  ohms  and  a 
loss  of  15  db. 

Solution 

1.  From  column  2  of  Chart  I  the 
formulas  are: 

Ri=ZiiK-\)/K 
Rt  =  Z,IK 

2.  From  Table  I  the  value  of  K  for  a 
15-db  loss  is  found  to  be  5.62. 

3.  Using  this  value  of  K  in  the 
formulas  above,  the  values  of  ft,  and 
ft,  are  found  to  be: 

Ri  =  100,000  (4.62) /5.62  =  82,200  ohms 

ft,  -  100,000/5.62  =  17,800  ohms 

Problem  II.  Design  a  20-db  T  pad 
having  input  and  output  impedances 
of  500  and  200  ohms,  respectively 

Solution : 

1.  The  impedance  transformation 
ratio  is  500/200  =  2.5.  From  Chart  II 
the  minimum  loss  =  9  db. 

2.  From  Chart  I  the  formulas  to  be 
used  are: 


Problem  III.  Design  a  bridged  T 
pad  with  25  db  loss  and  500  ohms  input 
and  output  impedances. 

Solution : 

1.  The  formulas  in  column  6  of  Chaijt 
I  are  used. 

ft,  =  Z  (ft  -  1) 
ft,  =  Z/(ft-l) 


sinh  0 

3.  To  use  the  hyperbolic  functions  it 
is  necessary  to  know  the  value  of  O, 
from  which  the  hyperbolic  functions 


The  lots  incurred  by  ioining 
together  two  circuits  of  diiier- 
ent  impedance  may  be  deter¬ 
mined  by  finding  the  imped¬ 
ance  ratio  and  then  reading  off 
the  mismatch  loss,  K,  above 


Conclusion 

It  is  hoped  that  the  foregoing  will 
afford  the  reader  the  necessary  data 
for  an  intelligent  approach  to  the  de¬ 
sign  of  any  attenuator  pad  which  he 
may  require.  The  author  believes  that 
much  of  the  material  given  here  is 
original  with  him,  but  mention  should 
be  made  of  the  article,  “Designing 
Resistive  Attenuation  Networks”  by 
P.  K.  McElroy  in  the  March  1935  issue 
of  the  Proc.  I.  ft.  E.,  and  the  section 
on  Pads  and  Attenuators  in  the  “En¬ 
gineering  Handbook  of  the  N.  A.  B.” 
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1— TABLE 

OF  K 

VALUES 

Loss 
in  db 

N 

K 

Loss 
in  db 

N 

K 

Loss 
in  db 

N 

K 

Loss 
in  db 

N 

K 

1.0 . 

. 1.122 

18.0  . 

.  7.943 

35.0  .. 

.  56.234 

51.0  .. 

....  354.81 

2.0 . 

.  1.259 

19.0  . 

.  8.912 

36.0  .. 

.  63.096 

52.0  .. 

. . . .  398.11 

3.0 . 

.  1.412 

20.0  . 

.  10.000 

37.0  .. 

.  70.795 

54.0  .. 

. . . .  501.19 

4.0 . 

.  1.585 

21.0 . 

.  11.220 

38.0  .. 

.  79.433 

55.0  .. 

. . . .  562.45 

5.0 . 

.  1.778 

22.0 . 

.  13.335 

39.0  .. 

. 89.125 

56.0  .. 

....  630.96 

6.0 . 

.  1.995 

23.0  . 

.  14.125 

40.0  .. 

. 100.000 

57.0  .. 

. . . .  707.95 

7.0 . 

.  2.238 

24.0  . 

.  15.849 

41.0  .. 

. 112.202 

58.0  .. 

....  794.33 

8.0 . 

.  2.512 

25.0  . 

.  17.783 

42.0  .. 

. 125.89 

60.0  .. 

....  1,000.0 

9.0 . 

.  2.818 

26.0  . 

.  19.953 

43.0  .. 

. 141.25 

65.0  .. 

....  1,778.3 

10.0 . 

.  3.162 

27.0  . 

.  22.387 

44.0  .. 

. 158.49 

70.0  .. 

....  3,162.3 

11.0  . 

. 3.350 

28.0 . 

.  25.119 

45.0  .. 

. 177.83 

75.0  .. 

....  5,623.4 

12.0 . 

. 3.981 

29.0 . 

.  28.184 

46.0  .. 

. 199.53 

80.0  .. 

....10,000. 

13.0 . 

. 4.467 

30.0 . 

.  31.623 

47.0  .. 

. 223.87 

85.0  .. 

....17,783. 

14.0 . 

. 5.012 

31.0 . 

.  35.481 

48.0  .. 

. 251.19 

90.0  .. 

....31,623. 

15.0 . 

. 5.623 

32.0 . 

.  39.811 

49.0  .. 

. 281.84 

95.0  .. 

. . .  .56,234. 

16.0 . 

.  6.310 

33.0  . 

.  44.668 

50.0  .. 

. 316.23 

100.0  .. 

10® 

17.0 . 

. 7.079 

34.0 . 

.  50.119 

— 1 
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Hot  ore  on  a  conveyor  passes  under  an  infra¬ 
red  sensitive  photoelectric  relay  which 
operates  a  solenoid  valve  to  spray  cooling 
water  on  the  ore  as  it  is  needed 


rmjwiri' 


Circuit  diagram  of  the  infrared  sensitiTe  photoelectric  relay.  The  three 
connected  in  parallel  are  mounted  within  a  Pyrex  glass  cylinder.  (Below)  T 
ore  moves  from  right  to  left  on  the  pan  conveyor.  The  water  spray  (A)  is  iriount 
away  from  the  phototubes  (B)  to  permit  the  ore  to  reach  it  before  the  water  flo’ 


Tennessee  Valley  Authority,  Wilson  Dam,  Ala. 


CERTAIN  industrial  processes  involve  the  calcina¬ 
tion  of  ore  in  a  kiln  with  subsequent  coolinjf, 
crushing,  and  finally,  transportation  of  the  product 
on  a  conveyor.  The  cooling  presents  no  complications 
when  material  of  uniform  particle-size  is  discharged 
from  the  kiln.  The  cooling  problem  is  more  difficult, 
however,  when  lumps  varying  in  size  from  dust  fines 
to  large  lumps  are  discharged. 

At  the  TV  A  Fertilizer  Works,  phosphate  is  agglom¬ 
erated  before  it  is  used  in  the  electric  furnaces  for  the 
production  of  phosphorous  and  phosphoric  acid.  In  the 
preparation  process,  raw  phosphate  is  passed  through 
a  kiln,  cooled  in  a  rotating  drum,  and  crushed  to  lumps 
two  inches  or  less  in  diameter.  The  hot  crushed 
material  is  discharged  into  a  pan  conveyor  and  subse¬ 
quently  onto  a  rubber  belt  conveyor.  The  pan  con¬ 
veyor  between  the  crusher  and  the  belt  proved  to  be 
too  short  for  adequate  cooling  of  very  hot  material, 
resulting  in  the  discharge  of  red  hot  lumps  onto  the 
rubber  belt  with  consequent  burning.  A  continuous 
water  spray  of  sufficient  capacity  to  cool  the  hot  pieces 
flooded  the  finer,  cooler  material,  making  a  mud  that 
clogged  the  equipment. 

An  automatically  controlled  water  spray  located 
over  the  pan  conveyor  transporting  the  crusher 
product  to  the  belt  conveyor  proved  to  be  a  satisfactory 
solution  to  the  problem.  The  spray  was  arranged  to 
turn  on  when  hot  material  actuated  a  phototube  relay 
that  was  installed  directly  above  the  pan  conveyor  and 
was  sensitive  to  radiant  heat  from  hot  particles 
passing  beneath  it. 

The  phototube  relay  operates  a  110- volt  solenoid 
water  valve,  which  controls  the  flow  of  water  to  the 
spray  head  that  is  located  far  enough  behind  the  photo¬ 
tube  assembly  to  compensate  for  the  time  lag  in  the 
relay  circuit.  The  sensitive  relay  in  the  tube  circuit 
has  a  drop-out  80  percent  of  its  take-up  value,  which 
provides  satisfactory  spray  regulation.  The  equip¬ 
ment  may  be  adjusted  to  operate  at  any  desired 
radiant  heat  by  adjustment  (Continued  on  page  80) 


The  wall-mounted  relay  unit.  Note  that  the  sensitive  relay  is  enclosed  in  gic 
for  protection  against  dust  particles  commonly  found  at  an  ore  treating  pic 


TUBES  AT  WORK 


operation  giving  most  trouble  and  the 
types  of  trouble  encountered.  It  will 
be  noted  that  25  percent  of  the  bad 
tubes  were  caught  on  installation  and 
an  additional  25  percent  rejected  dur¬ 
ing  the  first  200  hours.  This  indicates 
that  careful  checking  in  the  early  life 
of  an  installed  tube  will  reduce  by  50 
percent  its  chance  of  subsequent  fail¬ 
ure.  Audio  tubes  are  much  the  worst 
offenders,  as  twice  as  many  of  this 
type  were  replaced  although  they  only 
represent  36  percent  of  the  total  re¬ 
ceiver  tubes  in  use.  The  reason  for 
this  is  undoubtedly  that  most  of  the 
rejections  are  due  to  microphonics  or 
other  noise  which  might  not  affect  the 
operation  of  the  same  tube  in  an  r-f. 
circuit.  Indeed,  only  10.5  percent  of 
all  the  rejects  have  been  for  reasons 
which  would  cause  complete  failure  of 
the  receiver. 

A  more  detailed  survey  of  the  num¬ 
ber  of  tubes  rejected  during  each  100 
hours  of  service  is  shown  in  Fig.  1. 
The  first  step  of  the  graph  is  the 
rejections  at  “zero  hours,”  or  on  in¬ 
stallation.  Each  of  the  following  steps 
represent  the  number  removed  during 
each  100  hours  up  to  a  total  of  3000 
hours.  A  broken  line  joins  the  mid¬ 
point  of  each  100  hour  step  to  illus¬ 
trate  the  rapid  elimination  of  poor 
tubes  early  in  their  life.  This  is  quite 
marked  during  the  first  200  hours  then, 
for  some  reason,  slows  up  until  the  800 
hour  mark  is  passed,  when  it  again 
falls  to  a  low  and  almost  constant 
level.  The  pronounced  peak  between 
1200  and  1400  hours  was  caused  by  an 
epidemic  of  heater  failures.  A  number 
of  the  receivers  under  observation 
have  passed  the  3000  hour  mark  but 
others  are  still  between  2200  and  3000 
hours.  When  all  units  have  passed 
3000  hours,  it  is  expected  that  the  lat¬ 
ter  part  of  the  curve  will  be  raised  to 
show  a  constant  rejection  of  two  or 
three  tubes  per  100  hours.  This  is 
extremely  low,  representing  less  than 
0.25  percent  of  the  number  in  use. 

That  the  tubes  are  still  in  good  con¬ 
dition  electrically  and  have  not  lost 
any  emission  power  is  shown  by  the 
sensitivity  curve  of  Fig,  1.  This  is  the 
average  sensitivity  of  a  representative 
group  of  communication  receivers.  No 
change  in  sensitivity  has  yet  been 
noted  up  to  the  3000  hour  mark.  In¬ 
deed,  it  is  not  known  whether  emission 
failure  or  mechanical  fatigue  will 
eventually  make  replacement  neces¬ 
sary. 

One  fault  which  suddenly  appeared 
after  about  1200  hours  life  was  the 
burning  out  of  tube  heaters.  As  all 
commercial  aircraft  use  12-  or  24-volt 
storage  battery  electrical  systems,  it 
is  standard  practice  to  connect  two 
6-volt  tube  heaters  of  the  same  cur¬ 
rent  rating  in  series.  A  number  of 
series  groups  are  then  connected  in 
parallel  to  give  a  12-volt  bank  of 
heaters.  For  24  volt  operation,  two 
such  12  volt  banks  would  be  connected 
in  series.  When  heaters  are  connected 
in  series,  if  the  resistance  of  each  is 
not  the  same,  there  will  be  an  unequal 
distribution  of  voltage  across  the  two. 


Life  of  receiving  tubes  in  aircraft  equip¬ 
ment,  adapting  television  receivers  to 
new  standards,  dew-point  recorder  and 
'antenna  coupler  in  this  issue 


hence  a  very  brief  notation  was  re¬ 
quired  to  cross-index  all  tube  troubles, 


Receiver  Tube  Operation 
in  Aircraft 

By  J.  E.  M.  Lagasse,  Radio  Technician 

W.  W.  H.  Dean,  Radio  Engineer 
Trana  Canada  Airlines 

There  has  been  a  recent  tendency 
among  airlines  on  this  continent  to  set 
a  definite  maximum  life  limit  on  re¬ 
ceiver  tubes  in  aircraft  equipment. 

This  has  been  as  low  as  500  hours  in 
certain  cases,  although  the  average  is 
1000  hours.  A  careful  record  of  28 
montiis  operation  has  indicated  that 
this  figure  is  much  too  low  and  that 
tubes  may  be  run  in  excess  of  3000 
hours  without  trouble.  In  fact,  it  can 
be  shown  that  much  more  reliable  serv¬ 
ice  may  be  obtained  by  this  method  of 
operation. 

In  June  1939,  a  card  was  set  up  for 
each  type  of  receiver  carried  in  the 
aircraft  and  a  column  provided  for 
each  tube.  Each  time  a  tube  was  re-  In  all,  1912  tubes  were  checked  and 
moved  because  of  a  complaint,  a  nota-  of  these,  548  were  rejected,  either  at 
tion  was  made  in  the  proper  column  the  installation  test  or  during  subse- 
giving  date,  aircraft  number,  hours  quent  operation.  Table  I  is  a  summary 
and  type  of  complaint.  The  type  of  of  the  rejected  tubes,  showing  the  ac- 
complaint  was  given  a  code  number,  cumulated  hours  on  rejection,  type  of 


TABLE  I 

Total  number  of  tubes  tested. . 
Total  number  of  tubes  rejected. 
Time  at  Which  Tubes  Were 
Rejected 

On  installation . 

During  first  100  hours.... 
During  second  100  hours. . 

Beyond  200  hours . 

Function  of  Tube  Rejected 

Audio . 

All  others . 

Reason  For  Rejection 

'  Microphonic . 

Noisy . 

Weak  . . 

Open  heater . 

Erratic . 

Dead . 

Internal  short . 

Mechanical  damage . 


TUBE  PERFORMANCE  DURING  3000  HOURS 


\5ens/h'v/fy-^ . 


Hundreds  of  Hours 


Graph  showing  the  number  of  tubes  rejected  after  each  hour  of  operation  in 
aircraft  receiring  equipment.  Emission  was  maintained  throughout,  as  indicated 
by  curre  marked  sensitivity 
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CINCH  OFFERS  A  REAL  METAL- PLASTIC 
SERVICE  FOR  SMALL  AND  INTRICATE  ASSEMBLIES 

Making  the  metal  parts,  molding  bakelite,  fabricating  its  own 
laminated  material — “ucinite”.  .  .  the  manufacture,  plating  and 
assembly  of  small  parts  is  completely  done  by  cinch.  For  over  a 
quarter  of  a  century  cinch  has  constantly  served  a  large  number  of 
exacting  users  of  their  products.  Its  engineering  and  experimental 
departments  often  effect  savings  by  making  simple  mechanical 
changes  which  lend  themselves  to  high  speed  production.  Adequate 
special  equipment  available  for  assembling  small  parts  in  large 
volume  facilitates  production  of  National  Defense  work. 

Cinch  and  Oak  Radio  Sockets  art  licensed  under  H.  H.  Eby  Socket  Patents. 

CINCH  MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET,  CHICAGO,  ILLINOIS 


SUBSIDIARY  OF  UNITED-CARR  FASTENER  CORP.,  CAMBRIDGE,  MASS. 
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Mr-- 


The  current  being  the  same,  the  tube 
with  the  higher  resistance  will  have 
the  higher  voltage  across  it  and  will 
dissipate  more  power.  It  has  been 
found  that  the  resistance  of  all  tube 
heaters  increases  somewhat  with  use 
and  if  one  heater  is  running  hotter 
than  the  other,  its  resistance  will  in¬ 
crease  more  rapidly,  thus  aggravating 
the  situation.  Tests  of  new  tubes  have 
shown  as  much  as  0.5  volt  difference 
between  a  series  pair;  3.5  volts  dif¬ 
ference  has  been  observed  after  con¬ 
siderable  service.  The  worst  unbalance 
occurs  when  the  series  mate  of  a  high 
resistance  tube  is  replaced  with  a  new 
tube. 

This  unbalance  in  voltage  between 
tubes  causes  greatly  reduced  life  for 


RESISTORS  AND 
RHEOSTATS  •  •  • 


Comparison  of  Rejections 
With  Various  Types  of  Tubes 
During  3,000  Hours  Service 


Since  1924  H-H  resistance  devices 
have  been  giving  excellent  service 
in  "tough  spots"  — where  their  stur¬ 
diness  and  ingenuity  of  design  are 
vitally  essential.  During  these  six¬ 
teen  years,  old  customers  have 
ordered  more,  and  hundreds  of  new 
customers  have  learned  that  they 
can  rely  upon  our  products. 

Our  regular  stock  includes  over 
100  standard  resistor  sizes  — flat  and 
tubular— from  4  to  400  watts,-  and  9 
standard  size  rheostats  from  10  to  500 
watts  — ready  for  quick  delivery 
whether  your  needs  be  standard  or 
special. 

Our  engineering  service— as 
resistor  specialists  — is  at  your  com¬ 
mand.  Our  cooperation  is  offered  to 
collaborate  with  you  in  meeting 
your  needs  most  economically. 

May  we  consult  with 
you  on  your  next  order? 


Rejection  factor 


Total  No.  of  tach  tubr  typr  rejected 


No.  of  ht  typo  in  one  aircroi 


*^6Hib6 
ifcKSO 
>3  6N7 
6V66 
6L7G 
607 
6Kb6 
6R7G 
bBOG 
6C56 
Audio 


Ryection  Factor 


Reiection  iactor  of  a  variety  of  ttibes 
uaed  in  aircraft  equipment.  Tubes  for 
audio  service  qave  the  most  trouble 

the  higher  resistance  heater.  The  dis¬ 
tribution  of  voltage  may  be  equalized 
very  conveniently  by  connecting  to¬ 
gether  the  midpoints  of  each  series 
group.  This  is  equivalent  to  connecting 
a  number  of  tubes  in  parallel  to  give  a 
6-volt  bank,  then  connecting  the  banks 
in  series.  As  all  aircraft  receivers 
have  at  least  six  tubes,  this  places  a 
minimum  of  three  tubes  in  each  bank 
(for  12-volt  operation)  and,  with 
random  selection  of  tubes,  the  chance 
of  having  an  excessive  voltage  dif¬ 
ference  between  the  banks  is  negligrible. 
All  the  receivers  under  observation 
were  so  modified  and  no  further 
heater  failures  occurred. 

Several  other  steps  have  been  taken 
to  reduce  the  number  of  tube  com¬ 
plaints.  All  tubes  are  given  a  vibration 
test  by  the  manufacturer.  When 
checked  on  a  mutual  conductance 
bridge,  any  change  in  reading  after 
vibration  rejects  that  tube.  On  in¬ 
stallation  they  are  again  checked  in 
the  receiver  by  tapping  the  tube  vig¬ 
orously  and  listening  for  noise  in 
the  receiver  output.  The  emission  is 
checked  in  an  emission  checker  and 
also  by  comparing  receiver  sensitivity 
with  the  previously  recorded  value. 

A  chart  was  made  of  the  number  of 
(Continued  on  page  62) 


NEWARK,  N.  J.,  U.  S.  A 


Resistors  •  Rheostats  •  Radio  Frequency  Reactors 
Power  Line  Chokes  •  Line  Voltage  Reducers 
Custom-made  resistance  devices  of  all  types 
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Vacunm  Tube 
PERFORMANCE  begins  on 
Eimac's  own  MACHINES 


Eimac  tubes  are  different.  Different  in  their  outstandingly 
superior  performance  capabilities  . . .  the  shapes  of  the 
bulbs . . .  the  rugged  design  and  the  materials  used.  They  are 
the  only  tubes  on  the  market  which  are  unconditionally 
guaranteed  against  premature  failures  which  result  from  gas 
released  internally. 

So  exacting  are  the  production  requirements  for  Eimac 
tubes  that  the  tools  are  specially  made  in  the  Eimac  fac¬ 
tory.  The  glass  lathes  .  .  .  the  vacuum  pumps  .  .  .  there’s 
many  a  "gadget”  so  unusual  that  procurement  from  a  con¬ 
ventional  tool  maker  is  impossible. 


Follow  the  leaders  to 


Eitel-McCullough,  Inc. 
San  Bruno,  Calif. 


EIMAC  REPRESENTATIVES 


California,  Nevada 
HERR  BE(  KER,  n3()  VC'. 
104th  St.,  Los  Angeles,  f'.al, 

N.  Y.,  N.  J.,  Penn.,  Md.,  Del., 
Dist.  of  Col.,  Maine,  N.  H. 
R.  I.,  Conn.,  Mass. 

ADOLPH  SCHVC^ARTZ,  262 
Grayson  Place,  Teaneck,  New 
Tersev. 


Wash.,  Ore.,  Idaho,  Mont. 

GENERAL  SALES  GO., 
V^erner  O.  Jensen,  2605 -07 
Second  Ave.,  Seattle,  VC^ash. 

Colo.,  Wyo.,  New  Mexico, 
Arizona,  Utah 

RICHARD'A.  HYDE,  4253 
Quitman  St.,  Denver,  Golo. 


Chicago,  Illinois,  Wisconsin 
G.  G.  R  Y- A  N,  5  4‘)  VC^. 
VC'^ashington  Blvd.,  (Chicago, 
Ill. 

N.  Caro.,  S.  Caro.,  Georgia, 
Tenn.,  Flor.,  Ala.,  Miss. 
JAMES  MILLAR,  316  Ninth 
St.  N.  E.,  Atlanta,  Georgia. 


Texas,  La.,  Okla.,  Ark. 

J.  EARL  SMITH,  2821  Live 
Oak  St.,  Dallas,  Texas. 

Ohio,  Mich.,  Ky.,  Ind.,  Minn., 
Mo.,  Kan.,  Neb.,  Iowa 
PEEL  SALES  ENGINEER¬ 
ING  CO..  E.  R.  Peel,  154 
E.  Erie  St.,  Chicago,  III. 


NEW  ACCESSORY  FOR  MODEL  300  VOLTMETER 
FOR  MEASUREMENT  OF  VERY  LOW  A-C  VOLTAGES 


Decade  Amplifier:  This  is  a  highly  stable  amplifier  giving 
accurately  standardized  gains  of  lOx  or  lOOx  over  a  fre¬ 
quency  range  of  10  to  100,000  cycles.  Operated  by  self-con¬ 
tained  batteries  having  a  life  of  over  150  hours.  Used  with 
our  Model  300  Electronic  Voltmeter  (as  shown  in  cut) 
A-C  voltages  down  to  0.00003  volt  (30  microvolts)  can  be 
measured.  By  means  of  special  circuits  the  gain  is  independ¬ 
ent  within  2%  of  circuit  constants,  battery  voltages  and 
tubes.  Fully  described  in  Bulletin  7. 


Electronic  Voltmeter:  A  popular  instrument  for  the 
measurement  of  A-C  voltages,  10  to  150,000  cycles,  1  milli¬ 
volt  to  100  volts  (up  to  1000  and  10,000  volts  with  Model 
402  Multipliers).  Logarithmic  voltage  scale  and  auxiliary 
uniform  decibel  scale.  A-C  operated.  By  means  of  special 
circuits  indications  are  independent  of  line-voltage,  tubes 
and  circuit  constants  within  3%  over  entire  frequency  range. 
Several  accessories,  such  as  an  artificial  ear,  vibration  pickup 
and  multipliers  are  available.  Fully  described  in  Bulletin  6. 

MADE  BY 


Ballanline  Latoralories,  I 

BOONTON,  NEW  JERSEY 


November  J  94  J  —  ELECTROIN  ICS 


each  type  of  tube  replaced  divided  by 
the  total  number  of  that  type  in  one 
aircraft  installation,  bringing  each 
type  to  a  coimmon  denominator.  This  is 
shown  in  Fig.  2  and  quickly  reveals 
the  tube  types  giving  most  trouble. 
The  metal  types  shown  (12A6  to  6B8) 
have  been  in  use  for  nine  months  only 
but  the  figures  have  been  multiplied  by 
a  factor  to  extend  them  as  for  28 
months  service. 

The  greatest  comparison  is  between 
the  6K6G  and  12A6  tubes.  The  latter 
is  a  beam  output  tube  having  a  12  volt 
heater  but  otherwise  interchangeable 
with  the  6K6G  as  used  in  the  aircraft 
receivers.  As  the  12A6  is  so  much 
superior  in  performance,  all  output 
tubes  have  now  been  changed  over  to 
this  type.  The  6B8  metal  tube  also 
shows  up  as  superior  to  its  glass  twin, 
with  the  result  that  the  glass  type 
are  now  being  replaced.  It  will  be 
noted  that  the  6C5G  tubes  are  divided 
into  r-f.  and  audio  service  classes  with 
the  audio  tubes  making  a  very  poor 
showing.  Investigation  is  under  way 
toward  using  metal  types  for  this  pur¬ 
pose. 

As  mentioned  above,  the  greatest 
source  of  trouble  is  with  microphonics 
and  noise  in  audio  tubes.  Investigation 
has  shown  that  some  types  of  audio 
tubes  perform  better  than  others.  It 
is  often  possible  to  change  the  type 
of  tube  in  a  receiver  with  a  minimum 
of  modification.  The  cause  of  the  noise 
is  vibration,  hence,  with  metal,  glass 
and  bantam  tubes  all  available  in  most 
types  it  should  be  possible  to  find  one 
less  susceptible  to  this  source  of  com¬ 
plaint.  In  some  cases,  tubes  of  different 
manufacture  employing  different  ele¬ 
ment  structure  may  prove  superior. 

In  conclusion,  it  might  be  said  that 
this  report  is  not  complete  in  that  it 
does  not  arrive  at  actual  life  figures. 
However,  proof  has  been  presented 
that  the  maximum  reliability  is  ob¬ 
tained  by  operating  receiver  tubes  be¬ 
yond  3000  hours.  It  will  now  bo  neces¬ 
sary  to  watch  the  operation  of  these 
tubes  until  complaints  begin  to  in¬ 
crease  due  to  mechanical  fatigue  or 
until  emission  begins  to  drop.  It 
would  then  be  desirable  to  set  a  maxi¬ 
mum  life  figure  safely  below  that 
which  could  be  expected  of  the  poorest 
type  tube.  All  tubes  in  a  unit  would  be 
changed  at  that  time  to  simplify  rec¬ 
ords  and  yet  provide  the  greatest 
service. 

Tubes  are  now  starting  to  play  an 
increasingly  important  part,  not  only 
in  aircraft  radio,  but  in  other  indus¬ 
trial  applications  where  they  are  sub¬ 
jected  to  severe  vibration.  It  is  felt 
that  with  continued  improvement  in 
manufacture,  careful  selection  of  tube 
type  and  structure  and  thorough  test¬ 
ing  before  installation,  tubes  may  be 
as  dependable  as  any  other  part  of  the 
circuit.  This  is  particularly  true  when 
it  is  realized  that  once  a  tube  has 
graduated  from  the  first  few  hundred 
hours  of  service,  it  is  actually  better 
than  a  new  tube  and  has  an  excellent 
chance  of  giving  several  thousand 
hours  of  trouble-free  service. 


ALLIED 

GLASS 
BASE 

RECORDING 
DISCS 

for  broadcasting  stations,  sound  recording 
studios,  schools,  musicians,  etc.  —  available  tor 
prompt  delivery  in  the  professional  16  and  12 
inch  sizes. 


FEATURES 


Adapting  Television  Receivers 
To  the  New  Standards 

Several  readers  have  requested  in¬ 
formation  concerning  the  modification 
of  television  receivers,  originally  de¬ 
signed  for  the  RMA  Standards,  so  that 
they  will  opefate  satisfactorily  on  the 
NTSC  standards,  recently  adopted  for 
commercial  broadcasting  by  order  of 
the  FCC.  The  changes  in  the  standards 
which  affect  receiver  operation  are  the 
increase  in  the  number  of  lines  per 
frame  from  441  to  525  and  the  adop¬ 
tion  of  frequency-modulation  for  the 
sound  channel.  Fortunately,  both  of 
these  changes  may  be  accommodated  in 
existing  receivers  with  minor  adjust¬ 
ments  of  the  circuits.  The  performance 
of  receivers  so  modified  will  not  be 
equal  to  that  of  a  receiver  especially 
designed  for  the  purpo.se,  but  it  will  be 
satisfactory  as  a  temporary  measure 
until  opportunity  is  found  for  exten¬ 
sive  alterations. 

Increasing  the  Nnniber  of  Lines 

The  increase  in  number  of  lines  per 
frame  from  441  to  525  is  accomplished 
simply  by  increasing  the  frequency  of 
the  horizontal  scanning  generator  from 
1.‘1,2.‘10  cps,  which  produces  a  441 -line 
picture,  to  15,7.50  cps,  which  produces 
a  525-line  picture.  In  most  receivers, 
the  range  of  the  frequency  control  of 
the  horizontal  scanning  generator 
(horizontal  hold  control)  is  sufficient 
to  permit  reaching  the  new  value 
merely  by  turning  the  knob.  This  has 
been  found  to  l>e  the  case  wtth  the  two 
receivers  described  in  recent  years  in 
the  pages  of  Electronics.  In  the 
“laboratory”  receiver  (  Electronics, 
December,  lO.'lS  page  Ifi,  Fig.  1),  the 
adjustment  is  made  with  and  /?,  in 

•  •  • 

PLASTIC  COLOR  FLUORES- 
CENT  LAMPS 


Thin  strands  of  Tenite.  a  shatterproof 
plastic,  wound  into  a  tight  spring-like 
spiral  and  slipped  OTer  fluorescent 
lamps,  serve  a  double  purpose.  Made 
in  various  combinations  of  clear  trans¬ 
parent  and  translucent  colors,  they  add 
to  the  decorative  value  of  the  fixture 
and  aid  in  color  correction.  They  may 
also  be  used  to  reduce  any  glare  and 
to  add  warm  color  to  the  lighting  if 
this  is  required 


Durable,  flexible  special  glass  base. 

Standard  overall  thickness — e  very 
disc  uniform  thickness — no  change  of 
the  cutting  angle  necessary. 

Smooth,  guaranteed,  accurate  -  size 
holes — accurate  in  diameter — accu¬ 
rately  centered  —  drilled  directly  in 
the  glass  base — t  he  same  as 
aluminum. 

Extra  smooth  outside  edge — no  cut¬ 
ting  your  hands. 


Coating  better  than  the  original  Al¬ 
lied  aluminum  base  discs,  which  have 
been  preferred  and  used  in  leading 
studios  for  the  past  five  years. 

Fit  any  standard  make  recorder  or 
transcription  equipment. 

Carefully  packed  and  shipped  in  spe¬ 
cial,  convenient,  safe,  easy-to-open, 
easy-to-use  containers — every  disc  in 
every  shipment  guaranteed  to  reach 
you  in  perfect,  ready-to-use  condi¬ 
tion.  * 


I  F  you  have  not  been  using  or  have  not  yet  tried  Allied's  New 
*  Glass  Base  Discs,  a  trial  will  convince  you  of  their  merits  and 
superior  quality — at  no  premium  in  the  cost  to  you.  We  invite 
you  to  try  this  disc — that  is  how  we  obtain  new  customers.  We 
feel  certain  that  you  will  re-order — that  is  how  we  build  sales 
volume — from  satisfied  users.  Your  telephone  call,  letter,  wire 
or  cable  will  receive  our  prompt  and  courteous  attention. 


ALSO  AVAILABLE 

recoating  service  for  your 
old  aluminum  discs.  Deliv¬ 
ery  in  one  week.  Details 
on  request. 


PROMPT  DELIVERY  direct  from  the 

manufacturer — to  any  part  of  the  United 
States,  Canada,  South  America  and  to 
some  foreign  countries. 


ALLIED  RECORDING  PRODUCTS  CO. 


21-09  43rd  Av«., 

Phon«:  STillwcll  4-231S 


Long  Island  City,  N.  Y. 

•  Cable:  Allracord  New  York 
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^  WRITE  FOR  THESE 
RESISTOR  DATA  BULLETINS 


Invaluable  as  engineering,  design  or  buy¬ 
ing  guides,  these  Bulletins  are  available  for 
every  IRC  fixed  or  variable  resistor  type. 

in  complete  information  to 


They  conta 
assist  you  in  selecting  the  right  resistors  for 
the  job— of  the  right  size,  type  and  shape 
—with  the  proper  protective  coatings  — 
with  the  right  terminals— and  designed  for 
utmost  easeof  handling  on  yourassembly 
Tine.  Please  ask  for  them  by  bulletin  num- 
iber  as  specified  under  the  illustrations. 


W'0|;]^n 

nksistoh; 


IfMluurinl. 

'VMin-mrHi 


lrL\^  or  e<JUQi  appeanng  on 
the  majority  of  defense  equipment 
specifications  is  the  direct  result  of 
IRC’s  long  years  of  intense  speciali¬ 
zation  and  resultant  leadership  in 
the  design,  production  and  appli¬ 
cation  of  quality  resistance  units. 


This  leadership  means  the  conven¬ 
ience  of  securing  all  resistor  types 
from  a  single  source  of  supply.  It 
means  doing  away  with  guesswork 
in  making  resistor  selections.  It 
means  eliminating  experimentation 
with  units  which  have  not  fully 
proved  themselves  under  ultra-ex- 
acting  defense  conditions.  It  helps 
avoid  delays  —  safeguards  against 
annoying  rejections  —  and  insures 
proper  functioning  in  service. 


Equally  important,  it  means  the 
immediate  availability  of  skilled 
engineering  help,  fully  familiar 
with  defense  needs,  fully  equipped 
to  aid  in  the  selection  of  the 
best  resistor  for  your  application. 


IRC  R*tittorB  art  alto  producmd  aad 
■tsecf  lor  vital  doltntt  rtguiremeati  in 
Canada,  England,  Auttralia,  and Ruttia. 


INTERNATIONAL  RESISTANCE  COMPANY 


401  N.  BROAD  ST.,  PHILA.,  PA, 


I 


the  horizontal  blocking  oscillator  cir¬ 
cuit.  In  the  “home”  receiver  (Elec¬ 
tronics,  September  1939,  page  16,  Fig. 
1),  the  adjustment  is  made  with  /?«,. 

In  receivers  employing  electric  de¬ 
flection,  this  increase  in  the  horizontal 
scanning  frequency  should  have  no 
detrimental  effect  except  that  due  to 
shortening  the  scanning  retrace.  This 
effect  may  be  recognized  as  an  irregu¬ 
lar  brightening  of  the  left-hand  edge 
of  the  picture.  It  is  due  to  the  fact 
that  the  scanning  spot  does  not  fully 
retrace  during  the  blanking  interval, 
and  hence  resumes  normal  brightness 
before  the  end  of  the  retrace.  Part  of 
the  left  hand  edge  of  the  picture  is 
thereby  cut  off  and  “tucked  under,”  so 
to  speak.  Usually  this  defect  is  not 
serious.  It  can  be  corrected  only  by  a 
thorough  redesign  of  the  scanning 
generator. 

In  receivers  employing  magnetic  de¬ 
flection,  increasing  the  horizontal  scan¬ 
ning  frequency  from  13,230  cps  to 
15,750  cps  causes  a  corresponding  re¬ 
duction  of  the  horizontal  scanning 
amplitude.  The  scanning  amplitude  is 
reduced  to  about  16  percent.  The  effect 
arises  because  the  current  flowing 
through  the  inductance  of  the  scanning 
coils  is  inversely  proportional  to  the 
frequency.  This  effect  can  be  counter¬ 
acted  by  increasing  the  setting  of  the 
horizontal  width  control  (ffg  in  the 
laboratory  receiver,  in  the  home 
receiver).  If  the  range  of  this  control 
is  not  sufficient  to  bring  the  picture 
width  to  full  size,  the  plate  supply 
voltage  of  the  horizontal  scanning 
generator  may  be  increased  by  adjust¬ 
ment  of  the  plate  or  screen  voltages 
of  the  6L6  horizontal  output  tube  (tap 
G  on  the  power  supply  bleeder  in  the 
laboratory  receiver,  tap  C  in  the  home 
receiver)  or  both.  If  these  measures 
fail,  the  second  anode  voltage  on  the 
picture  tube  may  be  reduced  (by  ad¬ 
justment  of  the  auto-transformer  in 
the  laboratory  receiver,  adjustment  of 


7  WestemEl^ctm 

/c  w/iir/i  i  CALLITE 


Excessive  surges  of  current  and  voltage  can  seriously  affect  a  tele¬ 
phone  exchange.  To  help  safeguard  costly  central  office  equipment, 
Western  Electric  developed  this  “safety  valve"  resistance  lamp. 

Western  Electric  must  carefully  select  the  components  of  this  ultra-impor¬ 
tant  tube.  The  fact  that  Callite  supplies  the  three-piece  hook  leads  testifies 
to  the  engineering  and  performance 'characteristics  of  Callite  products. 

These  copper  to  dumet  to  nickel  leads  seal  perfectly  to  glass,  eliminating 
destructive  leaks  at  that  point.  They  are  but  one  of  many  Callite  contributions 
to  progress  in  the  electronic  industry.  The  vast  store  of  knowledge,  experience 

and  resourcefulness  behind  these  constant 
achievements  is  yours  today  to  command. 
^  ^  Bring  your  “metallurgent"  problems  to 

m  /  y  Callite.  Our  research  and  engineering  staff 

'/  ^  /  /  \  is  at  your  service. 


ZWORYKIN  RECEIVES 
RUMFORD  MEDAL 


Callite  specializes  in  the  manufacture  of  elec¬ 
trical  contacts  of  refractory  and  precious  metals^ 
bi-metals,  lead-in  wires,  filaments  and  grids, 
formed  parts  and  raw  materials  for  all  elec¬ 
tronic  applications. 


Dr.  Vladimir  K.  Zworykin,  center,  asso¬ 
ciate  director  of  the  research  laborato¬ 
ries  of  the  Radio  Corporation  of  Amer¬ 
ica,  is  shown  as  he  received  the  award 
of  the  Rumford  Medal  of  the  American 
Academy  of  Arts  and  Sciences  from  Dr. 
Harlow  Shapley  for  "outstanding  con¬ 
tributions  to  the  subject  of  light."  Dr. 
Norton  Kent,  chairman  of  the  Rumford 
Committee,  is  an  interested  spectator 
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FLUOKtSCENT 

MARKINGS 

ARE 

avahable/ 


PROTECTED 
PORABIE PRINTING 
IN  GOLD  AND 
\  SILVER  / 


/ fanc/some/u  ITlar/ieJ  /Uriels  - 

FOR  ELECTRICAL  DEVICES  / 


THE  FORMICA  INSULATION  COMPANY 

4661  Spring  Grove  Avenue  •  Cincinnati,  Ohio 


Many  of  the  electrical  devices  which  the  defense  program 
requires  in  such  profusion  are  being  made  with  hand¬ 
somely  marked  panels  in  Formica.  These  markings  are  printed 
in  gold  and  silver  and  protected  with  a  hard,  durable,  baked-on 
fdm  of  protective  material;  they  are  engraved,  or  stamped.  For 
use  in  night-flying  airplanes  where  visible  light  may  not  be 
used  they  are  printed  in  fluorescent  inks  which  glow  in  black 
or  invisible  light.  The  panels  may  have  high  insulating  quality 
where  that  is  required.  All  have  handsomely  finished  surfaces 
and  are  immune  to  injury  from  grease  or  sol¬ 
vents.  They  are  printed  and  machined  complete 
at  the  Formica  factory  and  shipped  ready  for 
assembly.  Send  your  blue  prints  for  quotations. 
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The  best  act,  the  best  song,  the 
best  station  become  headliners. 
People  see  and  hear  them  in  pret- 
erence  to  others.  Headline 
stations  from  coast  to  coast  use 
Blaw-Knox  Vertical  Radiators  be¬ 
cause  they  give  better  broadcast¬ 
ing  results.  And  these  oetter 
results  are  inherent  in  the  struc¬ 
tural  and  electrical  advantages  of 
Blaw-Knox  Vertical  Radiators . . . 
the  natural  benefits  of  an  experi¬ 
ence  that  covers  virtually  the 
entire  history  of  radio.  Whatever 
your  antenna  problem,  we'll 
gladly  discuss  it  with  you. 

BLAW-KNOX 


VERTICAL 


RADIATORS 

I  BUWB'OX  DWISION  oi  BWKnoi  Company 
I  Fanners  Bank  Bldg.,  Pittsburgh,  Pa. 

I  Offices  in  principal  cities 


in  the  home  receiver).  The  reduc¬ 
tion  in  second  anode  voltage  will  re¬ 
duce  the  picture  brightness  slightly 
and  will  increase  the  deflection  in  both 
horizontal  and  vertical  directions.  A 
slight  reduction  in  the  vertical  scan¬ 
ning  amplitude  will  be  necessary  to 
preserve  the  proper  aspect  ratio  in  the 
latter  case. 

In  magnetic  deflection,  the  previ¬ 
ously  mentioned  irregular  brightening 
of  the  left-hand  edge  of  the  picture, 
due  to  reduction  in  horizontal  retrace 
time,  may  also  occur.  Adjustment  of 
the  horizontal  damping  rectifier  cir¬ 
cuit  resistor  (3500-ohm  resistor  in 
series  with  the  plate  of  the  1-V  tube  in 
the  laboratory  receiver,  R„  in  the  home 
receiver)  will  correct  this  condition  to 
some  extent. 

The  principal  differences  which  will 
be  noted  in  the  picture,  after  the 
change  in  number  of  lines  has  been 
made,  are  an  increase  in  the  vertical 
detail  by  about  19  percent,  and  a  re¬ 
duction  in  the  horizontal  detail  by  16 
percent.  These  changes  will  be  clearly 
evident  when  viewing  a  test  chart,  but 
will  not  be  noticeable  when  viewing 
program  images,  unless  the  maximum 
effective  video  frequency  is  less  than 
3  Me.  The  increase  in  number  of  lines 
makes  it  highly  desirable  that  the 
maximum  video  frequency  be  as  close 
to  4  Me  as  possible.  The  horizontal 
definition  with  525  lines  is  aliout  84 
lines  for  every  megacycle  in  the  maxi¬ 
mum  video  frequency,  that  is,  4  X  84 
=  336  lines  for  4  Me  maximum  video 
frequency. 

Readjustment  of  the  Sound  Choiiuel 

Adapting  the  receiver  to  fieqiieiicy 
modulation  in  the  sound  channel  in¬ 
volves  a  complete  redesign  of  the  sound 
second  detector  system.  However,  if 
an  increase  in  distortion  is  pcrmi.s.sil)le, 
a  compromise  measure  may  be  adopted 


KING  INSPECTS  CADET 
TRAINING 


j  T  a.  y 

(IICTKIC  COMPANV 


King  George  watching  a  cadet  using 
an  inter-tank  communication  transmit¬ 
ter  in  an  officers  training  course  in 
England 
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IjodRwrtSi 

Re5istor4__ 


Ferrule  Resistors 


Edison  Bose  Resistors 


Precision  Resistors 


jroclcet  Resistftrt 


Rheomtals 
Rasistor* 
Tap  Switehaa 


ohmite 


ijiifitors 


★  The  extensive  range  of  Ohmite  types  and 
sizes  makes  possible  an  almost  endless  variety 
of  regular  or  special  resistors  to  meet  every 
need.  Core  sizes  range  from  2-1/2"  diameter 
by  20"  long  to  5/16"  diameter  by  1"  long,  and 
are  available  with  standard  or  special  wind¬ 
ings,  terminals  and  other  features. 

You  can  often  save  time  and  cost  by  find¬ 
ing  the  resistor  you  need  in  the  many  Ohmite 
stock  units.  In  unusual  applications,  the  spec¬ 
ialized  experience  of  Ohmite  Engineers  is 
very  helpful. 

Ohmite  Vitreous  Enameled  Resistors  have 
proved  their  ability  to  give  long,  trouble-free 
service  under  the  most  critical  conditions  in 
every  climate  from  the  arctic  to  the  tropics. 

That’s  why  they  are  so  widely  specified  in 


Industry  and  National  Defense  —  for  indus 
trial,  aviation,  radio,  electronic  and  scientific 
applications.  With  greatly  increased  plant  and 
produaion  capacity,  everything  possible  is 
being  done  to  meet  today’s  emergency  needs. 

SEND  FOR  96-PAGE 
CATALOG  40 

This  unusual  Catalog  and 
Engineering  Manual  No.  40  V 

is  a  complete,  helpful  guide 
to  the  selection  of  Resistors, 

Rheostats  and  Tap  Switches. 

Write  on  company  letter- 

head  for  your  copy  today.  * 

OHMITE  MANUFACTURING  COMPANY 
4817  Flournoy  Street,  Chicago,  Illinois,  U.S.A. 
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For  General  Laboratory  Use 
And  Production  Testing 


which  involves  merely  retuning  the 
r-f  circuits.  In  most  receivers  the 
sound  i-f  amplifier  has  a  band-pass 
characteristic  extending  over  several 
hundred  kilocycles  to  allow  for  oscil¬ 
lator  drift.  If  the  slope  of  the  edge 
of  the  i-f  pass  band  is  approximately 
linear  and  extends  over  a  region  100  kc 
wide,  frequency  modulation  may  be 
converted  into  amplitude  mDdulation 
by  tuning  the  oscillator  so  that  the 
intermediate  frequency  carrier  falls  in 
the  middle  of  the  low-frequency  slope. 
When  the  frequency  of  the  incoming 
signal  deviates  under  the  influence  of 
the  modulation,  the  carrier  runs  up  and 
down  the  slope,  producing  amplitude 
variations  at  the  output  of  the  i-f  amp¬ 
lifier  which  are  detected  by  the  second 
detector  in  the  usual  way.  If  the  trans¬ 
mitter  frequency  deviation  reaches  high 
values  (plus  or  minus  75  kc  is  the  legal 
limit)  the  carrier  may  ride  up  onto 
the  flat  top  portion  of  the  i-f  pass-band, 
or  down  into  the  cut-off  region.  This 
will  produce  severe  distortion,  but  at 
low  modulation  levels  surprisingly  good 
quality  may  be  obtained.  The  adjust¬ 
ment  is  made  by  tuning  the  local  oscil¬ 
lator  until  the  sound  is  heard  free  of 
distortion. 

The  sound  i-f  system  may  be  re¬ 
tuned  to  produce  the  necessary  width 
of  slope  at  the  edge  of  the  pass-band  if 
sufficient  width  does  not  already  exist. 
A  frequency-modulated  signal  gen¬ 
erator  and  cathode-ray  oscilloscope 
should  be  used  for  this  purpose. 

This  compromise  method  of  convert¬ 
ing  the  f-m  to  a-m  does  not  offer  the 
noise-reducing  properties  of  f-m  trans¬ 
mission,  since  no  limiter  is  used,  and 
since  the  receiver  is  fully  sensitive  to 
the  amplitude  modulation  components 
of  whatever  noise  is  present.  However 
in  areas  of  strong  signal  strength  it 
will  often  serve  satisfactorily.  The 
audio  output  of  the  second  detector  de¬ 
pends  on  the  gain  of  the  i-f  amplifier, 
since  the  peak  audio  output  cor¬ 
responds  to  the  peak  i-f  voltage  de¬ 
veloped  by  the  last  i-f  stage.  Usually 
it  will  be  found  that  the  audio  level, 
for  a  given  input  signal,  is  somewhat 
lower  than  that  offered  by  an  a-m  sig¬ 
nal.  Usually  there  is  sufficient  reserve 
audio  gain  to  make  up  the  difference 
in  level. 

If  full  advantage  of  the  f-m  system 
is  desired,  three  steps  must  be  taken: 
the  i-f  amplification  must  be  increased 
to  a  gain  of  100,000  or  more;  a  limiter 
amplifier  must  be  inserted;  and  the 
second  detector  must  be  replaced  by  a 
frequency  discriminator  detector.  The 
reader  interested  in  following  this  pro¬ 
cedure  should  refer  to  the  articles  by 
J.  R.  Day,  “A  Receiver  for  Frequency 
Modulation”  Electronics,  June,  1939, 
page  32,  or  Marvin  Hobbs  ‘‘F-m  Re¬ 
ceivers,  Design  and  Performance,” 
Electronics,  August,  1940,  page  22. 

A  receiver  specifically  designed  for 
the  new  standards  and  incorporating 
such  additional  features  and  as  gamma 
control  is  now  under  construction.  It  is 
expected  that  a  description  of  this  re¬ 
ceiver  will  appear  in  Electronics  in 
some  future  issue. — d.g.f. 


#  Ruggftd,  precise,  reliable  . . . 
Input  and  output  Impedances 
Independently  adjustable.  • 


#  Ideally  suited  to  F.M.— 
Studio  and  other  wide  range 
sound  system  measurements. 


ATTENUATION  NETWORKS 


SERIES  690  AND  692 


for  Transmission-Efficiency,  Power-Level  Measurements,  Impedance 
Adjustments,  Gain  or  Loss  Measurements  on  Amplifiers,  Filters,  Pods 


The  Series  690  network  consists  of  plug-In  input  and  output 
adjusting  networks,  and  a  Units  and  Tens  attenuation  controls. 

The  Series  692  network  Is  essentially  the  same  as  the  690 
with  the  exception  that  a  Tenths,  a  Units  and  a  Tens  attenua¬ 
tion  controls  are  provided.  Both  types,  690  and  692,  are 
offered  In  either  "T"  or  "Balanced  H"  networks. 

The  ettentuation  controls  are  constant  Impedance,  zero  insertion  loss 
networks  each  having  10  steps  of  attentuation.  The  Daven  Series  6900 
Impedance  Matching  Networks  ("plug-in"  units)  may  be  obtained  in 
a  wide  range  of  impedance  and  loss. 


TYPE  Z 

T.690-A  500 
H-690-B  500 
T-690-C  600 
H-690-D  600 
T-69S  500 

H-699  500 

T-693  600 

H-693  600 


RANGE 

0-1 10  Db.  in  step  of  1  Db. 
0-110  Db.  in  step  of  1  Db. 
0-110  Db.  in  step  of  1  Db. 
0-^110  Db.  in  step  of  1  Db. 
0--1 1 1  Db.  in  steps  of  0.1  Db, 
0-1 1 1  Db.  in  steps  of  0.1  Db. 
0-1 1 1  Db.  in  steps  of  0.1  Db. 
0-1 1 1  Db.  in  steps  of  0.1  Db. 


CIRCUIT 
"T"  Network 
Balanced  "H”  Network 
"T"  Network 
Balanced  “H"  Network 
"T"  Network 
Balanced  “H"  Network 
"T"  Network 
Balanced  "H"  Network 


PRICE 

$60 

80 


Supplied  complete  with  one  set  of  6900  networks.  Unless  otherwise  specified,  these  will 
be  W  ohms  or  600  ohms,  lero  loss  networks.  Base  impedances  other  than  500  ohms  or  600 
ohms  available  upon  request. 
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MAGNET  WIRE 


Preferred  in  Peaee, 
Demanded  for  Defense! 


The  hattle8hip8  for  America's  Defense  require  the 
finest  materials  human  ingenuity  can  provide  . .  .  even 
down  to  the  hair*like  strands  of  magnet  wire  that  he¬ 
roine  a  part  of  energizing,  controlling  and  signaling 
equipment.  There  must  he  no  failure  in  any  compo¬ 
nent  mechanism  of  these  sea  fortresses. 


Twenty-five  years  of  experience  and  unsurpassed 
quality  standards  will  fashion  the  REA  wire  furnished 
for  America’s  Navy,  Army,  and  Air  Force  require¬ 
ments.  It  will  he  produced  on  the  most  modern  equip¬ 
ment  in  the  industry  .  .  .  how,  wlum,  and  exactly  as 
wanted  .  .  .  ‘‘tailor-matle"  when  necessary  for  special 
applications. 


Maximum  uniformity,  longer  continuous  lengths,  ami 
superior  spooling  are  REA  quality  characteristics 
which  will  help  spe(*d  up  Defense  production. 


Submit  ijour  procurement,  engineering  and 
2)roduction  problems  to  us  for  fast  action! 


MAGNET  WIRE  COMPANY,  INCORPORATED 
FORT  WAYNE.  INDIANA,  U.  S.  A. 
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Photoelectric  Dew-Point 
Recorder  Safeguards 
Against  Freezing 

By  J.  a.  Setter 

Industrial  Department,  General  Electric  Co. 

Denver,  Colorado 

To  PREVENT  CONDENSATION  of  moisture 
and  possible  freezing  of  its  gas  lines 
during  the  winter  months,  the  Colo¬ 
rado  Interstate  Gas  Company,  which 
furnishes  Denver  with  natural  gas 
from  Texas  fields,  has  built  a  novel 
dew-point  recorder  utilizing  a  photo¬ 
electric  relay.  With  the  recorder,  con¬ 
tinuous  readings  of  temperature  at 
which  condensation  occurs  are  made 
where  the  gas  enters  the  Denver  meter¬ 
ing  plant.  If  calculations  based  on  the 
readings  show  the  dew  point  to  be  too 
high,  instructions  are  dispatched  to 
dehydrating  plants  to  remove  more 
moisture  before  trouble  occurs. 

The  equipment  consists  of  a  small 
tank  filled  with  anti-freeze  solution 
into  which  is  immersed  a  U-shaped 
highly  polished  gold-plated  tube. 
Through  this  tube  passes  a  continuous 
flow  of  natural  gas  from  a  by-pass 
valve  in  the  main  pipe  line.  Both  ends 
of  the  tube  are  provided  with  plate- 
glass  windows.  Above  the  windows,  a 
light  source  and  phototube  relay  are 
I  mounted  so  that  the  light  shines 
!  through  the  tube  and  is  reflected  to 
j  the  phototube. 


Continental-Diamond  u  no 


"Manufacturers 


Tyro  in  this  PLASTICS  age 

The  progress  of  man  has  been  “mile-stoned”  by  the  utility  of  the  mate¬ 
rials  that  he  has  put  to  work  for  his  advancement. 

Stone  • 

Copper  •  - 

Bronze  • 

Iron  • 

Steel  • 

Aluminum  • 

Magnesium  Alloys  • 

PLASTICS  • 


C-D  research  technicians  have  in  recent  years  replaced  many  weighty, 
corrosive,  costly  or  hard  to  get  metals  with  Celoron  Molded  Fabric 
Plastics.  Experts  often  said,  “It  can’t  be  done”  .  .  .  but,  C-D  did  it! 

Molded  Fabric  Celoron  ...  is 
1/6  the  weight  of  brass  .  .  .  1/5  the  \ 

weight  of  cast  iron  .  .  .  1/2  the  A 

weight  of  Aluminum.  Celoron,  for  ^**'*'^^  ' 

all  practical  purposes  ...  is  chemic-  ^  i\ 

ally  inert,  insoluble,  and  infusible 
.  .  .  it  is  little  affected  by  moderate  P*?  m 

concentrations  of  sulphuric,  hydro-  \ 

chloric,  and  such  acids.  Sudden  kSl  \ 

changes  of  temperature  have  practi¬ 
cally  no  effect  ...  it  will  withstand  Send  for  this  booklet ! 

up  to  290  F.  _  _  _  includes  a  ready  reference  chart 

Put  your  "What  Material?"  showing  best  type  of  electrical  insulating 

m  ^  mm.  •  •  material  to  use  for  specific  problems  .  .  . 

problem  up  to  C-D  experienced  gives  complete  data  on  standard  sites, 

Ammm,  U  .mSmm!  m  formS,  COlorS  and  fInIsheS  of  C-D  inSuUt- 

researen  teennicians  Inq  Materials  ...  Ask  tor  tolder  GF-12. 
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G.£.Na  CR7505-N-I00 
I  Photo-electric  y 

I 


■  Recording  temperature 
.  and  pressure  gage 
I  _  ^Tmlerhmn  60-rpm 

J  n'  '  motor  6agilaior 

'  ...  i' 

^  r 

‘jo.! 
re  II  I  j 

I  ' 

'•*  I  a  I 


ISOO-wattNichrome  heating  unit^  I  i  ^ 

Refrigerating  expansion  vahre-^  ^ 

hr  hp  Methyl  chtoride^frigerating  ^ 

Dewpoint  recorder  'j  | 

Diagram  illuetrating  the  equipment  in 

which  the  photoelectric  dew-point 
recorder  is  used 

For  controlling  the  temperature  of 
the  anti-treeze  solution,  the  tank  is 
cooled  with  coils  of  a  small  domestic 
refrigerator  and  heated  with  suitable 
strip  heaters.  As  the  cooling  system 
reduces  the  temperature  of  the  solu¬ 
tion,  the  gas  is  chilled  until  a  film  of 
condensate  is  deposited  on  the  inside  of 
the  highly  polished  tube,  thus  reducing 
the  reflection  of  light  to  the  phototube. 

Being  sensitive  to  a  change  of  I 
foot-candle,  the  phototube  operates  to 
disconnect  the  cooling  coils  and  connect 
the  heaters  to  warm  the  solution.  When 
the  solution  is  warm  enough,  the  con¬ 
densate  disappears  and  the  process  is 
repeated.  A  small  motor-driven  stir¬ 
ring  paddle  in  the  anti-freeze  solution 
equalizes  the  temperature  of  the  bath. 

A  recording-bulb  thermometer  im¬ 
mersed  in  the  solution  records  the  tem¬ 
perature  of  the  solution.  On  the  same 
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mien  [PPHCITORS 


Solar  niico  CopoEitorf  odil  vital  depeadabllliv  to 
radio  ood  comoioolEotloof  equlpoient  for  the  Rrmed 
Service  Bronchei  of  the  Goveroment 


The  ''Qvolltv  Rhove  Rir'  Incorporoted  In  thene 
vniti  If  evolved  from  o  wealth  of  enperlence. 

If  IRIco  Copacitori  ore  port  of  poor  preient  proh- 
lemi,  cooiolt  Solar  for  o  reodf  lolvtlon. 


QcUaloff. 


SOIRR  niFG.  tORP.,  BRVOnflE,  R.  J 
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chart,  the  natural  gas  pressure  is  also 
recorded.  From  these  two  records,  the 
dew  point  is  calculated.  The  tempera¬ 
ture  chart  curve  looks  like  a  sine  wave, 
with  the  tops  and  bottoms  of  the  loops 
about  two  to  three  degrees  apart,  and 
with  a  frequency  of  about  one  cycle 
every  10  to  15  minutes  depending  on 
the  rate  of  flow  of  gas,  change  of  pres¬ 
sure,  and  other  variables.  The  appa¬ 
ratus  was  conceived  and  constructed 
by  W.  R.  Beardsley  and  L.  F.  Carter, 
of  the  Colorado  Interstate  Gas  Com- 


b 


\ 


FRANKLIN 


Pat0nt»d  U-shaped 
bow  spring,  action 
contact  has  proven 
the  best  tor  tube 
pin  tension. 


Now  sorving  o  forge '  number  of 


the  teodlng  rodiO  and  electrical 


equipment  manufacturers.  Complete 


experi 


quality 


raw  materials  used  —  guaranteed 
workmanship. 

May  we  discuss  your  design  prob¬ 
lems  with  you  or  quote  from  your 
blueprints?  Your  inquiry  will  receive 
prompt  attention. 


A.  W.  FRANKLIN  MFG.  CORP. 

175  VARICK  STREET  ....  NEW  YORK,  N.  Y. 

Sockets  •  Terminal  Strips  •  Plugs  •  Switches  •  Metal  Stampings 


Ultrahigh  Frequency 
Antenna  Coupling  Unit 

By  Robert  D.  Rietzke, 

Communication  Engineer 

Jtailio  Technical  Bureau,  Police  Department 
Lot  Angeles,  California 

This  unit  was  devised  to  permit  elec¬ 
tronic  coupling  for  four  ultrahigh  fre¬ 
quency  receivers  operating  on  different 
frequencies,  to  a  single  antenna  and 
provide  a  proper  match  at  the  receiv¬ 
ing  end  of  the  coaxial  line. 


/ 0,000  Q 


Circuit  diagram  of  antenno  coupling  unit 
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Congratulations,  old  man! 
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Berominf!  the  chief  enpineer  of  a  radio 
station  is  a  big  job  with  a  lot  of  responsi* 
bility.  It's  a  job  which  should  give  you  a  great 
deal  of  personal  satisfaction,  for  it  puts  you 
on  the  road  to  accomplishing  many  things 
you’ve  dreamed  of  doing. 

The  roou  of  your  job  go  deep.  For  the 
chief  engineers  of  the  past  20  years-through 
their  eternal  quest  for  Tiew  and  better  ways 
to  put  a  signal  on  the  air— have  contributed 
much  to  the  high  technical  plane  on  which 
the  industry  is  now  established. 

Now  and  in  years  to  come,  you  can  count 
on  Western  Electric  to  help  you  in  every 


way  possible  to  advance  the  art  of  broad¬ 
casting  still  farther. 

Since  radio  hepan,  W  estern  Electric  has 
played  a  leading  role  in  changing  it  from  a 
dream  into  a  vital  part  of  everyday  life. 
Stabilized  feedback,  cry  stal  control,  vertical 
radiatofs,  directional  antenna  arrays,  the 
Doherty  high  efficiency  amplifier,  are  a 
few  of  the  improved  tools  provided  by 
Bell  Labs  and  Western  Electric  to  help 
you  in  your  job. 

A  nd  now,  although  our  energies  are  engaged 
in  cooperating  with  the  Defense  Program, 
you  may  be  sure  that  our  interest,  and  the 


Westertf^^Erntric 

^  EQUIPPED  FOR 

V^BETTER  BROADCASTING 


interest  of  our  distributors,  in  broadcasting 
and  in  you  who  are  a  part  of  it,  is  as  keen 
today  as  in  the  past. 


DISTRIBUTORS: 

In  U.  S.  A.:  Graybar  Electric  Co.,  New  ^ork,  N.  Y. 
In  1  Canada  and  Newfoundland:  Northern  Electric  Co.. 
Ltd.  In  other  countries:  International  Standard  Elec¬ 
tric  Corporation. 


IVASETA,  MIM^ESOTA 

l\rORT<  ti  n«RHI^  ST.,  MW  YORK.  %.  ». 

VI^NUFArTUHIHii  OF  RAHIO  TRA\SMITTI\i;  FQUIPMEAIT 


This  system  of  coupling,  although  a 
compromise,  has  worked  out  very  sat¬ 
isfactorily  with  the  installation  of  a 
single  antenna  on  the  top  of  the  137- 
foot  quarter-wave  grounded  vertical 
radiator  employed  to  communicate 
with  the  cars  using  a  medium  fre¬ 
quency. 

The  gain  in  this  unit  more  than  off¬ 
sets  the  advantage  of  separate  receiv¬ 
ing  antennas.  The  antenna  is  an  RCA 
ground  plane  type  adjusted  to  a  mid¬ 
band  frequency  of  37,220  kc.  The 
coaxial  cable  from  the  antenna  to  the 
antenna  coupling  unit  is  Communica¬ 
tions  Products  i-inch  gas  filled  type. 
The  receivers  are  two  Fred  M.  Link 
Type  9-UAR-Ed  2  on  one  rack,  and 
a  Pierson  DeLane  30-41  MC  Type  PR- 
15  UH  in  the  other  rack. 

The  frequencies  employed  are:  35,- 
100;  35,220;  37,220  and  39,380  kc. 

The  coaxial  line  from  the  antenna 
is  inductively  coupled  to  the  tuned  cir¬ 
cuit  which  is  connected  to  the  grids  of 
four  6SK7  tubes.  The  tubes  are  op¬ 
erated  with  100  volts  on  the  screen  and 
150  volts  on  the  plate.  The  bias  of 
—3  volts  is  obtained  from  a  cathode 
resistor.  The  plates  of  the  6SK7  tubes 
are  individually  tuned  and  link-coupled 
to  the  receiver  operating  on  the  fre¬ 
quency  to  which  they  are  tuned.  Am¬ 
phenol  connectors  and  flexible  coaxial 
cable  is  used  between  the  coupler  and 
the  receivers. 

This  unit  makes  it  possible  to  op¬ 
erate  one  hundred  and  fifty  two-way 
police  units  covering  an  area  of  more 
than  300  square  miles,  each  unit  of 
which  operates  satisfactorily  for  dis¬ 
tances  up  to  25  miles  from  the  receiv¬ 
ing  point.  The  mobile  units  operate 
with  28  watts  output,  and  are  a  prod¬ 
uct  of  the  shops  of  the  Radio  Technical 
Bureau  of  this  Department.  Consid¬ 
ering  the  terrain  which  includes  moun¬ 
tains,  desert,  metropolitan  area,  indus¬ 
trial  areas,  and  harbor  waterways  the 
operation  of  the  unit  has  proved  very 
satisfactory. 


AToilobl*  in  any  capac¬ 
ity,  and  nns  ratings  oi 
irom  15.000  to  40,000. 
Con  bo  turnished  with 
iixod  capacity.  Tarioblo 
capacity,  or  a  combina¬ 
tion  oi  iixod  and  Tori- 
oblo  Boctions.  Othor  va- 
riotions  includo  qoar 
hoiuing  ior  right  anglo 
driTO  and  insulatod  shait 
coupling. 


Compact  design  and  low  price  ore  features 
of  Johnson  Gos-FUled  Condensers.  Dry,  oil-piunped  nitrogen 
xmder  pressures  up  to  350  pounds  make  possible  closer 
spacing,  greater  capacity,  and  higher  voltage  rating.  Gas 
tight  joints  prevent  leokoge  over  long  periods  oi  time. 
Designed  ior  commercial  application,  these  condensers  are 


BANK  OF  CHINA 
CARRIES  ON 


being  widely  used  by  broadcast  stations  and  other  high 


A  two-way  radio  communication  serv¬ 
ice  is  one  oi  the  features  oi  the  Bank 
oi  China's  head  oiiice  in  Chungking. 
When  this  picture  was  made,  the  equip¬ 
ment  was  in  operation  although  Japa¬ 
nese  airmen  outside  were  dropping 
bombs  on  the  city 


November  i94i  —  ELECTRONICS 


i 

1 


I 


I 


/ - ^ - 

Now 

Available 

in 

THREE 

TYPES! 

^  FOR  HIGH  EFFECTIVE 
PERMEABILITY 

if  FOR  HIGHEST  Q  VALUE 

V^HREE  types  of  G.A.W.  Carbonyl  Iron  Powder 
are  now  in  production.  Cores  made  from  these 
powders  are  providing  a  degree  of  performance 
that  establishes  a  new  high  standard  in  carrier 
and  radio  frequency  service,  ir  For  all  grades  the 
average  particle  size  is  less  than  5  microns.  Note 
the  spheroidal  particle,  a  characteristic  unique 
with  G.A.W.  Carbonyl  Iron  Powder. 


MAGNIFICATION  400  X 


FOR  INFORMATION  ADDRESS  THE  MANUFACTURER 

GENERAL  ANILINE  WORKS 

438  HUDSON  STREET  NEW  YORK  CITY 


OR  THE  DISTRIBUTOR 

ADVANCE  SOLVENTS  &  CHEMICAL  CORPORATION 

248  FIFTH  AVENUE  NEW  YORK  CITY 
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THE  GOVERNMENT 
COMES  FIRST 


Electronic 
Pyrometer  Control 


{Continued  from  page  50) 


tive  measuring  element  even  a  small 
potential  difference  between  the  coils 
L,  and  L,  will  cause  electrostatic 
forces  on  the  vane  which  affect  the 
accuracy  of  the  reading.  The  sche¬ 
matic  diagram  shows  coils  L,  and  Lt 
electrically  connected  to  ground  so 
that  no  appreciable  voltage  can  ex¬ 
ist  between  them.  To  make  the  elec¬ 
tromagnetic  forces  negligible  the 
untuned  coil  L.  has  very  few  turns 
so  that  its  field  is  very  weak,  but 
will  still  effect  operation  of  the  os¬ 
cillator  circuit.  Grid  current  flow¬ 
ing  in  coil  L,  is  limited  by  resistor 
R,  and  therefore  produces  a  negli¬ 
gible  flux  density,  and  no  electromag¬ 
netic  force  on  the  vane.  The  fre¬ 
quency  of  oscillation  is  in  the  neigh¬ 
borhood  of  10  Me  although  it  is  not 
critical  since  the  amplitude  of  oscil¬ 
lation  is  the  only  important  factor. 
It  should  be  noticed  that  no  tuning 
condensers  are  used  and  the  circuit 
is  therefore  not  subject  to  variation 
with  ambient  temperature  or  humid¬ 
ity.  The  coils  themselves  are  not  ex¬ 
tremely  critical  although  for  maxi¬ 
mum  plate  current  change  they  must 
be  held  within  a  few  turns  to  main¬ 
tain  the  proper  feedback  ratio.  The 
coil  forms  are  narrow  and  rect¬ 
angular  in  shape  for  maximum 
sensitivity,  and  are  made  of  poly¬ 
styrene  in  order  to  minimize  dielec¬ 
tric  losses.  The  spacing  between  the 
coils  is  1/16  inch  for  best  per¬ 
formance,  although  a  wider  gap  may 
be  used  with  increased  high  fre¬ 
quency  flux. 

Many  other  applications  of  this 
type  of  control  circuit  are  apparent 
where  movement  of  a  sensitive  mem¬ 
ber  is  required  to  actuate  a  control 
mechanism  at  some  point  in  its 
travel.  The  range  of  plate  current 
change  may  also  be  increased  to  25 
or  30  ma  by  increasing  the  screen 
potential,  although  tube  life  will  be 
somewhat  decreased.  The  small 
number  of  parts  required  and  ex¬ 
treme  stability  of  the  circuit  make  it 
readily  adaptable  to  many  applica¬ 
tions  where  more  complicated  cir¬ 
cuits  are  now'  used,  as,  for  example, 
phototubes  or  variable  capacity  sys¬ 
tems. 


Ward  Leonard  is  under  National  Defense  production.  The 
goods  we  make  are  not  used  by  themselves  but  become  com¬ 
ponent  parts  of  other  equipment  that  may  not  be  finished  for 
many  months.  It  is  vital,  therefore,  that  we  give  the  govern¬ 
ment  earliest  possible  deliveries. 

There  is  room  in  our  shop  from  time  to  time,  however,  for 
non-conflicting  requirements  which  we  wish  to  make  available 
to  our  old  friends.  Yes,  we  want  your  inquiries  ...  we  will 
give  them  our  best  attention  possible. 

WARD  LEONARD  ELECTRIC  COMPANY 

32  SOUTH  STREET,  MOUNT  VERNON,  N.  Y. 


WARD  LEONARD 

relays  . . .  resistors  . . .  rheostats 
ELECTRIC  CONTROL  DEVICES  SINCE  1892 
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LITTLE  THINGS 

that  a  Battleship’s  Life  Depends  On 
*  *  ★  Require  the  Most  in  Precision 

Ahsohite  depomluhility  ut  all  times  and  under  the  most  severe  conditions 
is  re<|iiire<l  of  all  parts  that  go  into  the  making  of  a  battleship  —  the  most 
im|M>rtant  single  unit  of  our  first  line  of  defense. 

All  important  to  a  battleship  is  its  nervous  system,  a  complex  masterpiece 
of  electrical  eommunieations  and  controls  upon  which  thesafety  of  thousands 
of  lives  ami  the  efiiciency  of  millions  of  dollars  worth  of  fighting  equip* 
ment  depend. 

The  Chicago  Transformer  Corporation  is  proud  of  its  ability  to  furnish  parts 
in  keeping  with  the  tradition  of  excellence  ami  precision  required  of  units  that 
make  up  the  world's  mightiest  lighting  machine — The  American  Battleship. 


CHICAGO  T  R  A  N  S  F  O  K  M  E  R 


CORPORATION 


3  5  0  1 


WEST 


ADDISON 


STREET 


CHICAGO 
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Memo  to  Engineers 


HOW  TO  MAKE 


ACCURATE  WAVEFORM 


MEASUREMENTS  QUICKLY 


Mr,  Lloyd  Morris,  Ass’t  Director  of  Research  at  Galvin  Manufacturing  Corporation  is  seen 
operating  the  300A  Harmonic  Wave  Analyzer.  Left — The  205A  Audio  Signal  Generator 


Galvin  Manufacturing  Corporation  —  makers  of  the  famous 
Motorola  radio  equipment  —  find  -hj>-  instruments  extremely 
useful  in  checking  performance  of  these  well  known  products. 
In  service  at  this  factory  is  a  Model  300A  Harmonic  Wave 
Analyzer  and  a  Model  205A  Audio  Signal  Generator. 


With  the  300A  measurements  of  the  individual  components  of  a 
complex  wave  can  be  made.  A  unique  selective  amplifier  makes 
it  possible  to  vary  the  selectivity  over  a  very  wide  range.  The 
205 A  combines  a  resistance  tuned  oscillator  (5  watts  output) 
with  an  output  meter,  attenuator  and  impedance  matching  system. 


^^’'rite  today  for  complete  detailed  information  about  these 
and  other  -hp-  laboratory  instruments. 


HEWLETT-PACKARD 


Laboratory  Instruments  for  Speed  and  Accuracy 

483  PAGE  MILL  ROAD  •  PALO  ALTO.  CALIFORNIA 


Cooling  Control 


(Continued  from  page  56) 


!  of  the  grid  bias  control  on  the 
vacuum  tube.  The  accompanying  dia¬ 
gram  shows  the  circuit  of  the  photo¬ 
electric  system. 

Three  phototubes  sensitive  to  in¬ 
frared  rays,  connected  in  parallel 
and  spaced  inside  a  length  of  2i-inch 
pipe  cut  away  on  the  underside  to 
allow  entry  of  radiation,  constitute 
the  heat-sensitive  element  of  the 
apparatus.  Since  it  is  necessary  to 
mount  the  assembly  close  to  the 
conveyor  to  attain  the  sensitivity  re¬ 
quired,  the  tubes  should  be  enclosed 
in  a  Pyrex  glass  cylinder  and  a  cur¬ 
rent  of  air  blown  past  them  to  pre¬ 
vent  overheating  by  the  hot 
material  directly  beneath. 

The  major  part  of  the  relay  equip¬ 
ment,  with  the  sensitive  relay  housed 
in  glass  as  a  protection  from  dust,  is 
mounted  at  a  convenient  wall  loca¬ 
tion,  about  20  feet  from  the  photo¬ 
tube  unit.  The  relay  vacuum  tube 
and  the  2-megohm  and  100,000-ohm 
resistors  are  mounted  in  a  box  close 
to  the  phototube  assembly  to  reduce 
the  capacity  between  the  leads. 
Excessive  capacity  would  prevent 
operation  of  the  equipment  should 
the  vacuum  tube  be  placed  at  any 
great  distance  from  the  phototubes. 
The  phototube  pick-up,  vacuum  relay 
tube  housing,  spray  head,  and  the 
wall-mounted  relay  equipment  are 


AURORA  BOREALIS 


The  Aurora  Borealis  or  northern  lights 
which  caused  radio  and  communication 
disturbances  throughout  the  East  on 
Sept.  18  is  shown  as  they  appeared 
over  New  York  from  atop  the  RCA 
building.  New  York  City  is  in  the  fore¬ 
ground  and  New  Jersey  in  the  back¬ 
ground  beyond  the  Hudson  River.  The 
ribbon  of  light  at  the  right  is  the  George 
Washington  Bridge 
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so  FISHERMEN  TAKE  THEM,  TOO 

The  (.aptains  of  tuna  boatf*  go  where  the  The  Lock-In  Tube  is  locked  in  place  and  per- 
fish  are  and  that  means  rough  weather  forms  under  unbelievahle  punishment,  so 
much  of  the  time.  Radio  is  vital  because  one  that  is  why  it  is  a  better  tube  for  small  boats 
captain  radios  others  when  he  finds  a  school.  and  big  boats  — battleships,  destroyers,  dive 
Radios  must  work  perfectly  through  shivers  bombers,  fighting  planes,  tanks,  jeeps,  home 
and  shakes  and  terrific  impact.  radios,  automobile  radios,  in  fact  everywhere 

It  is  under  conditions  like  these  that  the  Syl-  where  service  requirements  are  tough.  It  is 
vania  Lock-In  Tube  is  designed  to  perform  its  the  big  answer  to  consumer  satisfaction  no 
most  vital  service.  Once  in  place  it  stays  in.  matter  whether  the  consumer  is  the  Armv, 
regardless  of  position,  vibration  or  impact.  Navy  or  you. 

Sylvania  Rndio  Tube  Division 

HYGRADE  SYLVANIA  CORPORATION 

E.>IPORIUM,  PA. 

500  KIFTII  AVE.,  NEW  YORK  •  SALEM,  MASS.  •  ST.  MARYS,  PA.  •  IPSWICH,  MASS.  .  TOWANDA,  PA. 

Also  makers  of  Ilyprade  Lam/)  Hulhs,  lly^rade  Fluorescent  Lamps  and  Miraliime  Fluorescent  Light  Fixtures 
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shown  in  the  photographs.  The 
spray  control  is  a  i-inch  solenoid 
water  valve,  actuated  by  the  relay 
equipment.  In  operation,  the  valve 
is  either  completely  open  or  com¬ 
pletely  shut. 


Operation  of  Equipment 

In  adjusting  the  equipment  for 
operation,  the  controllable  grid  bias 
on  the  type  77  tube  is  increased 
until  the  spray  comes  on,  and  then, 
while  no  hot  material  is  immediately 
beneath  the  phototube  assembly,  the 
grid  bias  is  reduced  to  the  point 
where  the  spray  shuts  off.  To  main¬ 
tain  sensitivity,  the  glass  protection 
tube  around  the  phototubes  should 
be  wiped  clean  periodically,  after 
which  the  grid  bias  control  usually 
should  be  reset.  It  is  essential  that 
the  flow  of  cooling  air  be  maintained 
as  long  as  the  phototube  apparatus 
is  in  position  near  the  hot  material, 
otherwise  the  heat  would  cause  the 
tubes  to  fail.  The  apparatus  had 
operated  satisfactorily  for  two  years 
until  changes  in  operating  proce¬ 
dure  eliminated  its  need.  Some  im¬ 
provement  in  operation  could  have 
been  attained  by  the  use  of  a  grid- 
controlled  rectifier  tube  to  actuate 
a  throttling~valve  on  the  water  line 
to  vary  the  flow  of  spray  water 
according  to  the  radiant  heat  from 
the  hot  material. 


A  TOUGH,  UNIFORM 


RESISTANT  INSULATION 


The  many  applicafions  and  superior  qualifies  of  IRVINGTON 
VARNISHED  CAMBRIC  AND  TAPE  have  made  them  pre¬ 
ferred  items  for  electrical  insulation  by  many  manufacturers. 


Ward  Leonard 
Electric  Com¬ 
pany  uses  Irv¬ 
ington  Varnished 
Cambric  Tape 
on  their  Reactor 
Coils 


CONTROL  TOWER  OF 
WASHINGTON  AIRPORT 


Here  is  an  insulation  that  is  pliable,  tough  and  highly  resistant 
to  abrasion,  moisture,  acids,  and  lubricating  oils.  Surfaces 
are  uniformly  smooth.  Dielectric  strength  is  excellent.  Fur¬ 
nished  in  dry,  tacky  and  oily  finishes. 

A  few  of  the  applications  are:  In  sheet  form  on  corners 
and  betw'een  layers  of  field  coils,  as  slot  insulation  for  arma¬ 
tures  and  stators,  between  laps  on  end  turns  of  armatures, 
as  phase  insulation  for  stators  and  as  coil  wrappers,  etc. 
Suitable  for  application  by  hand  or  machine. 

For  more  data  on  the  several  types  and  colors  of  IRVING¬ 
TON  VARNISHED  CAMBRIC  AND  TAPE 


IV rite  Dept.  106 


The  gloss  inclosed  tower  atop  the  air¬ 
port  building  at  Washington.  D.  C.,  pro- 
yides  an  angle  of  view  oi  360  degrees 
for  directing  the  traffic  of  planes  into 
and  out  oi  Washington.  The  station  is 
also  used  as  a  local  weather  bureau 
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IRVINGTON,  NEW  JERSEY,  U.  S.  A. 
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LIGHT  MEASUREMENT 
EVEN  THOUGH  LIGHT 


IS  Mi/90^L 


ILLUMINATION  METERS 

(VISCOR  FILTER  EQUIPPED) 


tnvasure  th«  illumination  from  any  single  or 
any  combination  of  light  sources  direct  .  .  . 
without  correction  factors! 


Model  703— Sightmeter— 
for  maintaining  lighting 
at  eCRcient  levels.  A  com¬ 
pact  instrument  for  use 
in  office,  factory  or  home. 


USING  Fluorescent  lighting?  You  can  measure  it  directly 
with  a  Weston  Illumination  Meter.  Are  there  locations 
in  your  plant  where  fluorescent  is  combined  with  daylight, 
or  with  incandescent  lighting?  You  measure  the  com¬ 
bined  lighting  in  the  same  simple  way!  Just  hold  the 
Weston  at  the  working  surface,  and  you  get  an  instant, 
accurate  measurement  direct  in  foot-candles.  No  compli¬ 
cated  corrections  are  ever  necessary,  regardless  of  the 
color  composition  of  the  light.  And  these  Weston  Illumi¬ 
nation  Meters  are  available  in  types,  sizes  and  ranges  to 
suit  the  requirements  of  shops  large  and  small ...  as  well 
as  for  laboratory  use.  All  supply  the  convenience  of  direct 
measurement . . .  and  all  furnish  the  measurement  surety 
which  is  typically  Weston.  Full  details  can  be  secured 
from  the  Weston  representative  near  you,  or,  by  writing 
...Weston  Electrical  Instrument  Corporation,  618  Fre- 
linghuysen  Avenue.  Newark.  New  Jersey. 


Model  603-inu- 
mination  Meter— 
a  precision  instru¬ 
ment  for  lighting 
surveys  and  mea¬ 
surements  requir¬ 
ing  a  high  degree 
of  accuracy  over 
a  broad  range  of 
light  values. 


Model  6 14 -Illu¬ 
mination  Meter- 
offers  compactness 
and  wide  range  cov¬ 
erage.  Hinged  cell 
tilts  at  desired 
angle. 


Laboratory  Standards  . .  .  Precision  DC  and 
AC  Portables  .  .  .  Instrument  Transformers 
.  .  .  Sensitive  Relays  .  .  .  DC,  AC,  and 
Thermo  Switchboard  and  Panel  Instrumsmts. 


Specialized  Test  Equipment . .  .  light 
Measurement  and  Control  Devices  . . , 
Exposure  Meters...  Aircraft  Instruments... 
Electric  Tachometers . . .  Dial  Thermometers. 
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The  sign  is  actuated  by  means  of 
two  detectors  which  may  be  phototubes 
or  some  magnetic  detectors.  These  are 
placed  from  750  to  1,000  feet  ahead  of 
the  sign,  about  40  feet  apart.  When 
the  car  passes  the  first  detector  the 
sign  lights  up,  and  after  the  second 
detector  is  passed  the  sign  records  the 
speed  of  the  vehicle.  Thus  the  driver 
is  able  to  note  his  speed,  and  has 
plenty  of  time  to  reduce  it  if  necessary. 
Another  feature  of  the  sigrn  is  that 
traffic  counters  may  be  placed  on  the 
equipment  to  record  the  number  of 
cars  travelling  at  various  speeds.  At 
the  end  of  any  given  period,  highway 
officials  can  determine  the  total  num¬ 
ber  of  cars  that  travel  on  the  roadway, 
and  also  the  speed  at  which  they  were 
travelling.  The  device  is  directional 
so  that  cars  which  come  from  the  left 
side  of  the  road,  opposite  to  the  direc¬ 
tion  facing  the  sign,  do  not  operate 
the  sign. 


THE  ELECTRON  ART 


Methods  of  conserving  tin,  an  automatic 
road  sign,  the  use  of  ceramics  in  tubes, 
communication  systems  necessary  for 
airport  operation,  an  application  of 
phototubes  to  meteorology,  and  resist¬ 
ance  tuning  are  discussed  in  this  month’s 
review  of  the  technical  literature 


cent  tin,  and  9  percent  cadmium.  The 
other  is  one  containing  45  percent  tin, 
45  percent  lead,  and  10  percent  bismuth. 

As  for  the  expedient  of  using  more 
lead  and  less  tin  in  solder,  it  has  its 
limitations  too.  The  strength  of  sol¬ 
der,  and  its  fluidity  is  generally  pro¬ 
portional  to  the  tin  content.  Since 
these  factors  are  important  they  can¬ 
not  be  neglected.  On  the  other  hand, 
where  it  is  possible  to  relieve  the  strain 
on  solder  by  reinforcement  of  the  joint 
by  bolting,  riveting,  or  the  use  of  in¬ 
terlocking  seams,  or  for  the  wide  varie¬ 
ty  of  applications  where  solder  is 
used  merely  as  a  filler  and  strength  is 
secondary,  solders  containing  a  higher 
proportion  of  lead  than  now  used  might 
prove  entirely  satisfactory. 


Conserving  Tin 

SoLDEK  IS  USED  in  the  manufacture  of 
almost  all  communication  equipment. 

Ever  since  tin,  an  important  ingredient 
of  solder,  was  placed  on  the  govern¬ 
ment  priority  list  much  attention  has 
been  given  to  ways  of  conserving  and 
possibly  developing  a  substitute  for 
this  valuable  material. 

The  Dutch  Boy  Quarterly,  house  or¬ 
gan  of  the  National  Lead  Company 
contains  an  article  which  briefly  covers 
the  present  status  of  the  search  to 
conserve  or  eliminate  tin  in  solder. 

It  is  called  “Conserving  Tin  in  Solder” 
and  appears  in  Vol.  19,  No.  3,  1941. 

The  article  points  out  that  there  is 
no  known  substitute  for  tin  which  will 
produce  a  solder  having  the  character¬ 
istics  of  tin-lead  solder.  However,  if 
it  is  feasible  for  a  given  job,  to  use 
solder  with  a  relatively  high  melting  Automatic  Road  Sign 
point,  or  one  with  a  low  melting  point, 
but  with  less  strength,  then  it  is  pos¬ 
sible  to  reduce  and  in  some  instances 
actually  eliminate  the  tin  content  of 
solder.  One  suggestion  recently  made 
was  that  silver  be  substituted  for  tin 
in  solder.  Silver-lead  solders  have  been 
known  and  used  for  some  time.  The 
2i  percent  silver-97  i  percent  lead  al¬ 
loy  is  the  eutectic  composition,  and 
the  melting  point  is  580  degrees  F.  An 
outstanding  quality  of  this  solder  is 
its  strength  at  high  temperatures.  A 
6  percent  silver  alloy  has  three  times 
the  shear  strength  of  “half  and  half” 
tin-lead  solder  at  350  degrees  F.  The 
suitability  of  silver-lead  solder  for  a 
particular  job  depends  on  the  allow¬ 
able  soldering  temperature.  Some  ma¬ 
terials  now  being  joined  with  tin-lead 
solder  would  be  seriously  damaged  if 
not  destroyed  completely  by  the  high 
heat  necessary  to  melt  silver-lead 
solder. 

Other  substitute  solders  which  have 
been  suggested  include  lead-free  alloys 
of  cadmium  and  zinc,  and  cadmium 
and  silver.  However,  these  have  high 
melting  points,  they  are  more  costly, 
and  at  present  are  not  available.  Aside 
from  these,  no  practical  tin-free  sub¬ 
stitute  is  available.  The  only  alterna¬ 
tive  is  the  use  of  solders  in  which  a 
portion  of  the  tin  has  been  replaced  by 
some  other  metal  or  in  which  the  tin 
content  has  been  held  to  a  minimum. 

Only  two  tin-reduced  solders  have  been 
developed  so  far.  One  is  a  wiping  sol¬ 
der  containing  68  percent  lead,  23  per- 


The  Use  of  Ceramics  in  Tube 
Construction 

Much  work  has  been  done  in  Germany 
along  the  lines  of  using  ceramics  in 
tube  construction.  The  advantage  in 
using  ceramics  becomes  apparent  at 
ultrahigh  frequencies  where  the  losses 
introduced  by  the  glass  in  ordinary 
tubes  are  quite  large.  The  result  of 
an  investigation  into  the  use  of  low- 
loss  ceramic  material  for  tube  seals, 
with  particular  reference  to  the  work 
which  has  already  been  done  in  Ger¬ 
many  appears  in  the  August  1941  issue 
of  Electronic  Engineering  (a  British 
journal).  The  article  is  entitled  “Cera¬ 
mics  in  Valve  Construction”  and  was 
written  by  R.  Howard. 

Apparently  the  electrical  advantages 
in  using  ceramics  are  somewhat  offset 
by  the  special  techniques  necessary  for 
sealing  the  tubes.  In  many  cases  glass 
is  used  as  the  sealing  means.  For  ex¬ 
ample,  in  Fig.  lA  is  shown  a  method 


When  a  car  approaches  this  automatic  sign  a  photoelectric 
speed  measurement  circuit  informs  the  driver  of  his  speed 
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NEW  TEMPERATURE  COEFFICIENT  VALUES 

A  ERIE  CERAMICONS 

KCC-  U«S-  WAT.  OPT. 


Changed  to  conform  with  tentative  R.M.A.  standards 


WHEN  Erie  Ceramicons  were  first  developed  over  5  years  ago,  the 
engineering  department  of  Erie  Resistor  standardized  on  19  differ¬ 
ent  temperature  coefficients  ranging  from  -{'•00012/°C  to — .00068/°C. 
A  recent  analysis  of  the  sales  of  these  ceramic  dielectric  fixed  condens¬ 
ers  revealed  that  a  large  portion  of  user's  requirements  called  for  certain 
temperature  coefficients  not  included  in  this  original  Ceramicon  set-up, 
and  that  many  original  temperature  coefficients  were  not  in  demand. 

As  a  result  of  R.M.A.Committee  meetings  new  standards  of  tem¬ 
perature  coefficient  ratings  more  nearly  paralleling  user's  requirements 
were  drawn  up.  The  new  temperature  coefficients  which  range  from 
-f  .00012/°C  to  — .00075/°C  with  available  maximum  capacities  of  in¬ 
sulated  and  non-insulated  Ceramicons  is  shown  at  the  left.  Units  listed  as 
N750  are  identical  in  all  respects  to  those  formerly  designated  as  N680. 

It  is  believed  that  this  greatly  simplified  classification  will  fit 
practically  all  normal  applications  of  Erie  Ceramicons  and  provide  de¬ 
pendable  compensation  for  reactance  drift  due  to  temperature  change. 
For  those  isolated  cases  that  require  other  temperature  coefficients,  Erie 
Resistor  will  continue  to  manufacture  special  Ceramicons  having  the 
desired  coefficient.  A  complete  catalog  giving  specifications  and  charac¬ 
teristics  of  the  new  ratings  of  Erie  Ceramicons  is  available  on  request. 


77i<*  complete  line  of  Erie  Resistors,  Condensers  and  Molded  Plastics  will  be  on  display  at  Booth  2b,  Rochester  Fall  IRE  Meeting. 


ERIE  RESISTOR  CORP 


LONDON,  ENGLAND  •  TORONTO,  CANADA 
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of  sealing  a  metal  lead  to  a  ceramic 
envelope  by  means  of  a  glass  seal.  The 
lead  is  wetted,  jigged  into  position,  and 
sealed  to  the  ceramic,  usually  in  an 
atmosphere  of  hydrogen.  Hard  glasses 
are  mainly  used  for  these  small  seals 
because  soft  glasses  of  similar  coeffi- 


-Ltad 


Ceramic- 


Fig.  1 — Glass  is  used  to  seal  the  ioints 
between  a  metal  wire  or  cop  and  the 
ceramic 


cients  of  expansion  as  the  ceramic  pre¬ 
vent  effective  heating  of  all  the  ma¬ 
terials  to  be  interconnected,  and  create 
difficulties  in  the  choice  of  materials 
to  be  used  for  leads.  Where  large  seals 
have  to  be  made,  the  metal  part  is 
shrunk  on  to  the  ceramic  material,  and 
the  glass  is  used  to  make  the  joint 
vacuum  tight  rather  than  the  joint  it¬ 
self.  This  is  shown  in  Fig.  IB.  A 
joint  where  the  glass  actually  does 
form  the  seal  is  shown  in  Fig.  2A. 

Metal-ceramic  seals  are  more  ex¬ 
pensive  to  manufacture  but  they  have 


■Lead-out 


Sifver- 


Glass- 


Of  particular  interest  to  the  radio,  electronic,  industrial  control 
and  heating  industries  is  a  new  development  by  the  G-E  Plastics 
Department — the  injection  molding  of  Mycalex,  the  superior  insulator 
possessing  low  dielectric  power  losses  and  the  ability  to  withstand 
high  temperatures. 

A  material  consisting  of  ground  mica  and  a  specially  developed 
glass,  Mycalex  has  been  compression  molded  for  some  years  in  plate 
and  bar  form  and  machined  to  required  designs.  By  the  injection 
process,  the  material  now  can  be  produced  in  more  intricate  shapes 
and  thus  be  available  for  further  applications. 

G-E  Mycalex  has  superior  electrical  characteristics  and  good  me¬ 
chanical  strength.  It  has  a  low  power  factor,  high  arc  resistance,  chemi¬ 
cal  and  dimensional  stability  and  a  low  coefficient  of  thermal 
expansion.  It  is  impervious  to  water,  oil  and  gas  and  is  unaffected  by 
sudden  temperature  changes.  Metallic  inserts  can  be  readily  molded 
into  the  parts. 

General  Electric  is  molding  Mycalex  for  rectifier  seals,  brush 
holder  studs,  tube  bases,  switch  insulation,  structural  parts  in  radio 
transmitters,  arc  chutes,  relay  insulators,  terminal  insulators  and  as  in¬ 
serts  in  die  castings  and  organic  plastics.  For  further  information  write 
Section  B-105,  Plastics  Dept.,  General  Electric  Company,  1  Plastics 
Avenue,  PittsReld,  Mass  •  PD.I70 


'  ^ ramie- 


Fig.  2 — Illustrations  of  glass-ceramic 
and  silver-ceramic  vacuum  tight  Joints 


Metallized 

'"face 


Silver- 


Ceramic- 


Fig.  3 — A  silver-ceramic  joint  making 
use  of  a  metallized  ceramic  surface 


many  advantages  over  glass  seals. 
There  is  no  loss  at  ultrahigh  frequen¬ 
cies,  they  are  not  sensitive  to  critical 
temperature  changes  and  so  are  easier 
to  de-gas,  and  they  are  not  prone  to 
cracking  or  seepage  with  the  subse¬ 
quent  loss  of  vacuum.  There  are  two 
main  types  of  metal-ceramic  seals.  The 
first  is  similar  to  the  glass  seal  shown 
in  Fig.  lA  except  that  silver  is  used 
as  the  sealing  material,  and  the  seal 
does  not  extend  for  the  entire  length 
of  the  lead  in  the  ceramic.  It  is  shown 
in  Fig.  2B. 

The  second  type  of  seal  is  more  com¬ 
plicated.  If  two  surfaces  of  ceramic 
are  to  be  joined  together,  they  should 
fit  as  precisely  as  possible  at  the  point 
of  contact.  An  adherent  layer  of  metal 


PLASTICS  DEPARTMENT 

GENERAL  #  ELECTRIC 
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MAKING  INSTRUMENTS  DIRECT  READING 

t.  with  Variable  Resistors 


IN  RESEARCH  and  production  testing  the  convenience  of 
having  instruments  read  directly  in  the  quantities  they 
measure  has  been  appreciated  tor  some  time  by  the  manu¬ 
facturer  and  the  user  of  electrical  measuring  instruments.  So 
rapid  have  been  the  improvements  in  most  direct-reading 
instruments  that  they  now  have  considerably  greater  accuracy 
than  similar  units  manufactured  several  years  ago  without  the 
direct-reading  feature. 

In  general,  direct-reading  scales  are  used  only  with  resistors 
and  capacitors;  the  accuracies  obtainable  are  high,  frequently 
as  great  as  0.1%  of  full-scale.  In  order  to  maintain  high 
accuracy  in  a  direct-reading  instrument,  constant  frac- 
I  tional  accuracy  must  be  obtained  and  the  rate  of  varia- 
V  tion  of  the  unknown  should  be  logarithmic.  In  any  linear 
A  scale  the  fractional  accuracy  decreases  directly  with  the 
A  quantity  varied. 

9  The  circuit  used  with  any  direct-reading  instrument  has 
H  to  be  chosen  so  that  the  magnitude  of  the  variable 
W  element  is  proportional  to  the  unknown. 

One  of  the  most  interesting  examples  of  a  direct- 
reading  instrument  is  the  Type  650-A  Impedance  Bridge.  This 
bridge  measures  five  quantities  over  exceptionally  wide  ranges 
with  the  following  maximum  errors:  for  resistance,  2%;  for 
capacitance,  2%;  for  inductance,  10%;  for  dissipation  factor 
(R  X)  20%  and  for  storage  factor  (X  R)  20%. 

For  the  measurement  of  so  many  different  quantities  and 
for  the  very  large  ranges  obtainable  from  this  bridge,  four 
circuits  and  a  number  of  multipliers  are  selected  by  two  multi¬ 
position  switches.  The  balances  are  obtained  by  the  use  of 
two  of  the  four  variable  resistors. 

The  semi-logarithmic  scales  on  the  four  dials  .  .  .  the  CRL, 
D,  DQ  and  Q  dials  .  .  .  are  direct-reading.  The  potentiometers 
used  with  these  dials  are  wound  on  tapered  cards.  The  scales 
can  be  made  direct-reading  either  by  hand  calibration  of 
each  point  to  fit  the  irregularities  introduced  by  variations  in 
wire  size  and  spacing,  or  these  irregularities  can  be  controlled 
to  fit  a  pre-engraved  scale. 

Originally  the  CRL  dial  of  this  bridge  was  hand  calibrated 
with  every  line  set  to  its  proper  resistance  value.  Later,  the 
calibrations  on  a  production  lot  were  averaged  and  a  master 
constructed.  From  this  master  calibration,  other  dials  were 
engraved  on  a  pantograph  engraving  machine.  These  dials 
are  now  photo-etched.  In  the  quantities  in  which  these  instru¬ 
ments  are  now  manufactured,  it  has  proven  much  more  eco¬ 
nomical  to  provide  the  CRL  potentiometers  with  the  photo- 
etched  dial  scale  and  to  compensate  for  irregularities  by  means 
of  a  flexible  cam,  than  to  engrave  each  dial  separately. 

Many  other  General  Radio  direct-reading  instruments  use 
resistors  as  the  variable  element.  The  dial  scales  are  calibrated 
in  a  manner  similar  to  those  on  the  Type  650-A  Bridge. 


Typ*  650-A  Impedance  Bridge,  direct-reading 
orer  these  ranges: — 

Resistance:  J  milliohm  to  I  megohm:  Capac¬ 
itance:  I  micromicrofarad  to  100  microfa¬ 
rads;  Inductance:  1  microhenry  to  100  henrys 


The  cam  on  (he  CRL  potentiometer.  The  con¬ 
tact  arm  Is  not  connected  directly  to  the 
potentiometer  shaft,  but  turns  freely  on  it. 
At  the  outer  end  a  spring  is  pressed  against 
a  follower  which  rides  on  the  cam.  The  cam 
follower  rocking  up  and  down  on  (he  cam 
changes  the  angular  position  of  the  contact 
arm  and  the  scale.  Adjustment  of  the  eight 
screws  will  take  up  all  differences  between 
individual  potentiometers  and  the  master  po¬ 
tentiometer  which  itself  is  an  average. 


GENERAL  RADIO  COMPANY 

Cambridge,  Massachusetts 
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n  ^  IMPORTANT 

SOLDERING,  TOO . . . 

in  the  Field  of  Electroni€5 


Control  of  both  flux  and  alloy — as  to  both  quaUty  and  quantity — 
the  positive  control  that  you  get  with  Kester  Rosin-Core  Solder — 
insures  permanently  corrosion-proof  and  trouble-free  electrical 
circuits. 

The  alloy  in  Kester  Rosin-Core  Solder  is  all  pure,  virgin  metal!  It 
resists  bending,  shock,  vibration,  contraction  and  expansion. 
Failures  due  to  solder  impurities  are  vmknown. 

The  patented  plastic  rosin  flux  will  not  corrode  terminals  or  injure 
insulating  material.  It  is  self-contained  in  the  solder,  in  exactly 
the  right  amount  for  perfect  results.  This  convenient  form  makes 
production  move  faster,  too! 

Consult  Kester  engineers,  backed  by  42  years  of  specialized 
experience,  about  any  question  involving  solder.  Write  them 
fully;  there  is  no  obligation. 

KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue,  Chicago,  III. 


Easftrn  Plant:  Newark,  N.  J. 


Canadian  Plant:  Brantford,  Ont. 


KESTER  CORED  SOLDERS 

STANDARD  FOR  INDUSTRY 


is  then  applied  to  the  two  faces,  either 
by  sputtering  on  in  a  vacuum,  by  elec¬ 
trolysis,  or  by  sintering  powdered 
tungsten  or  molybdenum  or  carbonyl 
iron  on  to  the  surface  of  the  ceramic. 
The  two  surfaces  are  then  ground  so 
that  they  fit  accurately.  The  ground 
faces  are  then  pressed  together  and 
heated  to  the  melting  point  of  the 
metal  used  and  the  joint  is  made.  If  it 
is  not  desired  to  heat  the  joint  to  a 
high  temperature,  a  metal  or  solder 


Fig.  4 — A  metal-ceramic-solder  ioint 
made  without  matallizing  the  ceramic 

with  a  low  melting  point  can  be  used 
to  join  the  two  faces.  A  variation  of 
the  latter  method  is  used  to  seal  tube 
leads  to  the  ceramic  envelope.  It  is 
shown  in  Fig.  3.  A  bush  is  formed  by 
metallizing  the  surface  of  the  ceramic 
as  has  been  described.  An  annular 
ring  is  soldered  to  the  lead  coming 
out  of  the  tube.  This  ring  is  then 
soldered  to  the  metallized  ceramic  by 
means  of  silver. 

A  method  of  soldering  metal  directly 


CAVALRY  RADIO 


Soldiers  of  Troop  B  of  the  107th  Cav¬ 
alry  Regiment  oi  Ohio  sending  and 
receiving  radio  messages  using  a  port¬ 
able  pack  radio  set  at  the  recent  army 
maneuvers  in  Arkansas.  This  equip¬ 
ment  can  be  used  on  the  ground  as 
well  as  on  the  pack  and  has  a  range 
oi  from  25  to  50  miles.  It  weighs  ap¬ 
proximately  170  pounds 
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SELF'TAPPING  SCREWS 


Give  the  Green  Light  •  to  Defense  Assemblies 


SflF-TAPPING  SCREWS  FOR  EVERY  METAL  AND  PLASTIC  ASSEMBLY 


AND  OTHER  FASTENING  DEVICES 


makes  your  self-tapping  screw  savings  stick 


OKWkTIOMS  lit 
^  STRONWE*®" 
n  CAttSOM 


Plants  larjie  and  small  wdio  are  making  savings  like 
Stromberg-Carlson’s  by  eliminating  operations  witli  Self¬ 
tapping  Screws  bave  a  right  to  be  pleased.  But  happiest  of 
all  are  the  production  men  who  are  making  those  savings 
stick  through  the  use  of  Parker-Kalon  Quality-Controlled 
Self'Tapping  Screws. 

Assurance  of  saving  comes  with  rigid  laboratory  control 
of  Parker-Kalon  Self-tapping  Screw  (piality.  A  laboratory 
— without  counterpart  in  the  screw  industry — eliminates 
“doubtful  screws”  .  .  .  screws  that  look  all  right  hut  some 
of  which  fail  to  work  right.  It  means  that  you  can  drive 
every  screw  you  start.  And  count  on  it  to  hold! 

So,  when  you  specify  “Parker-Kalon”,  you  can  add  the 
advantages  of  eliminating  “doubtful  screws”  to  the  out¬ 
standing  advantages  of  Self-tapping  Screws  themselves. 
No  tapping  costs.  No  lock  washers.  No  fumbling  with  holts 
and  nuts.  No  riveting.  No  tapping  plates  for  thin  sheet 
metal.  No  inserts  in  molded  plastics.  And,  with  genuine 
P-K,  no  slow'ups  for  “doubtful  .screws”  in  assembling 
sheet  metal,  heavy  steel,  die  cast  or  plastic  parts.  Parker- 
Kalon  Corp.,  192-194  Varick  St.,  New  York. 


Here’s  one  of  the  many  uses  Stromberg-Carlson  makes  of 
Parker-Kalon  Self-tapping  Screws.  Type  “F”  Screws  are 
used  to  fasten  a  cardboard  loop  to  .096"  steel  brackets. 
Replacing  machine  screws  in  tapped  holes,  or  bolt,  nut  and 
lock-washer  fastenings,  these  screws  save  Stromberg- 
Carlson  an  estimated  60%  in  labor!  Add  security,  too. 
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to  ceramic  without  premetallizing  the 
ceramic  surface  is  shown  in  Fig.  4. 
A  ceramic  tube  with  annular  grooves 
at  either  end  fits  into  two  metal  caps. 
Into  the  grooves  is  placed  solder  in 
powder  or  wire  form.  The  lead  may 
be  fastened  to  one  or  both  of  the  metal 
caps.  The  entire  joint  is  heated  in  a 
reducing  atmosphere,  or  a  vacuum,  the 
solder  taking  to  the  metal  and  to  the 
ceramic,  thus  forming  a  vacuum-tight 
joint.  The  problem  of  the  exhaust 
tube  through  which  the  air  is  pumped 
out  of  the  tube  is  also  discuss^. 


Airport  Communications 

The  principal  communication  re¬ 
quirements  of  an  airport,  and  a  de¬ 
scription  of  some  of  the  most  modern 
equipment  now  in  use  are  given  in  an 
article  called  “Airport  Communica¬ 
tions”  in  Vol.  20,  No.  1,  1941  of  Elec¬ 
trical  Communications.  Particular 
reference  is  made  to  the  facilities  at 
La  Guardia  Field,  the  Municipal  Air¬ 
port  of  the  City  of  New  York,  includ¬ 
ing  those  provided  by  governmental 
agencies  and  the  commercial  airlines. 

Airport  communications  facilities 
fall  into  four  groups;  internal  com¬ 
munication,  communication  with  out¬ 
side  fixed  points  and  with  other  air¬ 
ports,  communication  with  aircraft, 
and  auxiliary  services  such  as  radio 
direction  finding  on  land,  instrument 
landing  and  radio  beacons.  Internal 
communication  is  usually  effected  by 
means  of  a  private  automatic  branch 
telephone  exchange.  Intercommunica¬ 
tion  between  departments  is  sometimes 
carried  on  by  means  of  intercommuni¬ 
cators,  but  it  has  been  found  that  the 
advantages  of  such  a  system  decrease 
with  expansion  of  the  number  of  inter¬ 
phones  involved.  Experience  indicates 
that  interphone  systems  should  be  used 
to  supplement,  but  never  to  supplant 
an  internal  telephone  system.  The  lat¬ 
ter  system  also  makes  connection  with 
the  public  telephone  exchange  easy.  At 
La  Guardia  airport  a  PAX  system  is 
used  for  inter-oflfice  communication  and 
a  PBX  system  for  interdepartmental 
communication  and  connection  with  the 
local  central  office  exchanges.  A  loud¬ 
speaker  interphone  system  serves  the 
general  offices,  the  communication  cen¬ 
ter,  ticket  center,  agents,  and  air  mail 
and  baggage  offices.  There  is  also  a 
teletype  service  which  is  used  to  com¬ 
municate  with  airports  over  short  dis¬ 
tances  when  traffic  is  heavy;  to  dis¬ 
seminate  flight  information  relayed 
from  planes  to  the  Airways  Traffic 
Control;  and  to  link  the  ticket,  sales, 
reservations,  and  general  offices. 

To  keep  in  constant  touch  with  air¬ 
craft  in  flight,  most  airports  use  both 
the  radiotelephone  and  the  radiotele¬ 
graph.  The  airport  must  be  equipped 
to  maintain  contact  with  aircraft 
within  the  perimeter  of  its  particular 
zone.  If  individual  equipment  is  not 
installed  by  the  commercial  airlines, 
alternative  arrangements  must  be  made 
for  governmental  or  other  agencies  to 
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FOR  YOUR  SPECIFIC  NEEDS 


From  top-quality  professional  recordings  — 
down  to  filing  and  test-cuts  —  there’s  a  new 
4-hole  Audiodisc  designed  and  priced  for  every 
recording  need.  Enjoy  normal  operating  condi¬ 
tions  and  new  economies,  too.  Specify  Audio¬ 
discs  for  each  of  your  particular  requirements. 

AVDIODISCS  for  professional  recording 

•  Red  Label  Audiodisrs  exceed  the  most  exacting  demands 
of  broadcasting  stations,  sound  and  movie  studios,  and  all 
other  critical  applications.  Double  and  single  faced  types 
for  lateral  or  vertical  recording. 

•  Master  Audiodiscs  for  making  copies  (pressings)  by  the 
conventional  electroplating  process. 

•  Reference  Recording  Audiodiscs  for  extreme  economy 
in  making  test-cuts,  filing  and  reference  recordings. 

STANDARD  HIGH  QUAUTY  AVDIODISCS 

for  general  use 

•  Yellow  Label  Audiodiscs,  “wide  latitude"  type,  popular 
priced  for  radio  recordings,  diction  classes,  sales  talks 
demonstrations,  amateur,  home  and  school  recording. 

SAFETY  PACKAGE  - ~/\Ab 

for  resbipment 

Special  safety  cartons  are  now  fj  f  /  J  /  n 

available  to  you  at  cost  for  reship-  .  \Ae  / _ f/ 

pinK  I  to  3  Audiodisrs.  Vrite  for  — —  '  \  J/ 

further  information  on  these  sue-  -  "SA  f  J 

:★  cessful  shiping  cartons.  L _ / 

CALL  YOIR  JOBBER,  OR  WIRE  IS  FOR  CO.MPLETE  l.'SFOR.'H.tTIO.’ll  TODAY. 


Audio  proudly  serves  in  our  nation¬ 
al  defense  activities.  Thousands  of 
Audiodiscs  are  leaving  our  plants 
monthly  in  fulfillment  of  govern¬ 
ment  contracts.  However,  trade 
deliveries  are  also  normal. 
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GAMMATRONS  of  course! 


ELECTROINICS  —  ISovemher  1941 


New  . . .  Gammatron  High  Vacuum  Rectifiers 
to  meet  the  expanding  needs  of  the  electronic 
industry.  This  series  of  Gammatrons  is  designed 
by  the  pioneers  of  tantalum  tubes  specifically 
for  high  voltage  rectification.  They  are  suitable 
for  a  wide  range  of  new  applications  because 
they  are  not  affected  by  temperature  extremes 
and  no  warm  up  period  is  required.  Rugged 
mechanical  and  electrical  construction  assure 
long  life  and  great  stamina.  Write  for  full  data. 


Type 

253 

953-B 

953-D 

953-E 

Peak  Invtne  Volts  . 

15,000 

30.000 

75,000 

150,000 

Mu.  PmK  Current,  me 

1,500 

80 

120 

400 

Mu.  Average  Current,  ma 

350 

40 

60 

200 

Filament . 

Thor.  Tungsten 

Tungsten 

Tungsten 

Tungsten 

Filament  Volts. . 

5.0 

7.5 

7.5 

15 

1  Filament  Amps.  . 

11 

6.5 

11 

15 

i  Length,  Inches  . 

8'A 

7*4 

12>/4 

22«/4 

1  Diameter,  Inches  . 

2*A 

2 

3V« 

5 

1  Sue . 

50  Watt 

M.  4  Pin 

50  Watt 

50  Watt 

i  Net  Price  .... 

$18.50 

$1^00 

$30.00 

$75.00 

THE  ASTATIC  CORPORATION 

YOUNGSTOWN.  OHIO  i" 


L;:ease  i  Under  Brush 
Develrjrrue:;?  C~  Paier.l 


render  this  service  and  to  keep  in  con¬ 
tact  with  aircraft  at  least  until  the 
zone  of  the  next  airport  is  reached. 
All  flight  activity  in  this  country  is 
subject  to  instructions  from  Airways 
Traffic  Control  of  the  Federal  Civil 
Aeronautics  Administration.  At  La 
Guardia  Field,  it  supervises  flight  op¬ 
erations  in  the  New  York  area.  In¬ 
structions  to  commercial  airplanes 
while  in  flight  between  airport  control 
tower  areas  are  relayed  through  the 
ground-airplane  radio  facilities  of  the 
airline  concerned.  However,  contact 
with  military  and  itinerant  planes  is 
made  directly  by  radio  from  Airways 
Traffic  Control  until  the  plane  comes 
within  the  airport  control  tower  area. 
For  this  latter  service  a  transmitter 
which  operates  on  a  fixed  frequency  of 
209  kc  is  used.  It  is  modulated  con¬ 
tinuously  with  tone  at  a  level  which 
permits  speech  to  be  imposed  on  it  with 
adequate  intelligibility.  One  receiver 
monitors  3,105  kc  for  reception  from 
itinerant  planes,  and  another  monitors 
4,495  kc  from  military  planes.  In 
addition,  the  tone  signal  of  the  range 
transmitter  is  monitored  (on  209  kc) 
and  the  local  control  tower  on  362  kc. 

Thirteen  sets  of  teletype  equipment 
are  used  by  the  weather  reporting  serv¬ 
ice  at  the  field.  Each  set  consists  of  a 
printer  with  its  associated  reperfora- 


Three  very  small  but 
important  parts  of  a 
permanent  Sapphire 
Stylus  Cartridge  for 
Astatic  Low  Pressure 


#  Going  into  the  manufacture  of  Astatic  Crystal 
Products  are  many  small  parts,  every  one  of 
which  must  be  designed,  produced  and  assem¬ 
bled  with  the  utmost  skill  and  precision.  The  de¬ 
gree  of  perfection  with  which  this  is  accom¬ 
plished  is  a  true  measure  of  the  operating 
efficiency  of  products  of  which  they  are  a  part. 
No  one  is  more  aware  of  these  facts  than  those 
associated  with  the  difficult  problems  of  design 
and  engineering.  The  dependability  and  effi¬ 
ciency  of  Astatic  Crystal  Microphones,  Pickups, 
Cartridges  and  Recording  Heads,  over  a  long 
period  of  years,  reflects  the  accuracy  and  care 
with  which  Astatic  unit  parts  are  manufactured 
and  assembled  for  the  highest  degree  of  per¬ 
formance  and  satisfaction. 


UNIVERSITY  OF  CALIFOR. 
NIA  MICROSCOPE 


Consider  the  time-tested  and  proven  effi¬ 
ciency  of  Astatic  Crystal  Products  for  your 
particular  field  or  requirements. 


Completing  seven  months  oi  work,  24- 
year-old  Floyd  Luther  graduates  at  the 
University  of  California,  realizing  the 
fruit  of  investigation  in  foreign  labora¬ 
tories  with  the  completion  of  the  elec¬ 
tron  microscope  shown  above.  Assist¬ 
ing  Mr.  Luther  is  Don  MacFarland.  Wo 
cannot  resist  the  temptation  to  pass  on 
to  our  readers  the  fact  that  the  original 
caption  for  this  photograph  announces 
that  in  the  coiutruction  of  this  micro¬ 
scope  was  utilized  "revolutionary  new 
grinding  process  employed  in  the  con¬ 
struction  oi  three  sets  oi  electric  lenses" 
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As  the  demand  for  increased  defense  production  ^frovvs 
greater  and  greater,  the  sub-assembly  service  offered  by 
Stackpole  becomes  of  particular  importance.  Our  entire 
resources  are  available  for  making  small  parts  and  sub- 
assemblies  under  your  defense  contracts  and  to  help 
solve  production  problems  involving  Switches,  Resistors, 
Iron  Gores  and  other  units  for  use  in  radio  and  electri¬ 
cal  instruments,  motors,  etc.  We  invite  manufacturers 
to  share  our  experience  and  efficiency  in  designing  and 
producing  various  types  of  small  units. 


Our  Facilities  Include: 

Bakelite  Molding  Equipment  for 
parts  and  sub-assemblies  for  equip¬ 
ment  and  instruments. 

Complete  Punch  Pressinj?  Depart¬ 
ment,  engineer-craftsmen. 
Complete  Assembly  Equipment  for 
production  of  small  parts. 

Design  and  Production  Engineer¬ 
ing  for  special  ideas  and  new 
designs. 


yOUR  RROPUCnON 
PROBLEMS  TO  STACKPOLE 


MAY  WE  DISCUSS  YOUR  DEFENSE  PROBLEMS  Vv  ITH  YOU.^  Our  engineers 
will  he  glad  to  go  into  full  details.  This  service  is  yours,  of  course,  without  obligation. 
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tor  and  a  transmitter.  The  reperfora¬ 
tors  are  used  when  required  to  per¬ 
forate  a  tape  simultaneously  with  the 
reception  of  information  in  printed 
form  on  the  printer.  The  tape  may 
then  be  transferred  to  the  transmitter 
for  transmission  of  the  reports  to 
other  distribution  points  and  to  local 
subscribers.  A  similar  set  of  equip¬ 
ment  is  used  for  the  flight  control  and 
progress  report  circuit. 

The  American  Airlines  communica¬ 
tion  facilities  are  covered  in  some  de¬ 
tail.  Four  transmitters  are  located  at 
the  Jamaica  Bay  Station,  about  10 
miles  south  of  the  airport.  Two  are 
multi-channel  transmitters  made  up 
of  a  power  unit,  one  telephone  radio 
frequency  unit  and  two  c-w  telegraph 
units.  Each  of  the  r-f  units  is  rated  at 
3-kw  antenna  output  and  is  arranged 
for  selection  of  six  operating  fre¬ 
quencies  by  remote  control.  The  third 
transmitter  is  a  single  channel  c-w  or 
telephone  unit  with  an  output  rating 
of  1  kw,  and  is  arranged  for  remote 
selection  of  ten  frequencies.  The  fourth 
is  a  250-watt  unit  for  remote  selection 
of  six  frequencies  on  c-w  telegraph 
only.  In  addition,  three  auxiliary 
transmitters  for  telephone  use  only, 
rated  at  50  watts  and  operating  only 
on  two  frequencies,  are  installed  near 
the  operating  positions  in  the  com¬ 
munications  center. 

Seven  receivers,  each  crystal  con¬ 
trolled  for  two  frequencies,  are  lo¬ 
cated  at  the  station  on  nearby  Rikers 
Island.  Four  similar  auxiliary  re¬ 
ceivers  are  installed  near  the  operating 
positions  in  the  communications  cen¬ 
ter.  All  of  the  transmitters  and  re¬ 
ceivers  are  wired  into  a  jack  field 
where  circuits  from  the  operating  po¬ 
sitions  also  terminate.  The  remotely 


DON'T  LET  RESISTORS  CRAMP 
YOUR  ENGINEERING  STYLE 


For  several  years  Sprague  Koolohm  resistors  have  been  doing  the  jobs 
"that  couldn't  be  done."  A  lew  of  the  outstanding  recent  applications 
of  these  remarkable  resistors  follow: 


•  A  radio  transmittor  manufacturer  used  the  simplifiod  and 
complotoly  coromic  insulotod  mounting  foaturos  of  Koolohms 
to  roduco  size  and  woight  of  his  unit — and  mot  a  pre¬ 
viously  "impossible"  specification. 

•  The  extremely  high  resistance  values  available  in  small 
Koolohm  sizes  with  high  wattage  and  voltage  ratings  per¬ 
mitted  on  instrument  manufacturer  to  redesign  his  products 
for  great  material  and  cost  savings. 

•  Another  manufacturer  increased  efficiency  and  lowered 
costs  when  we  proved  that  one  close  tolerance  Koolohm  of 
special  design  would  replace  eight  conventional  resistors 
previously  used  in  his  product. 

•  A  user  of  Precision  Meter  Multiplier  Resistors  was  pleas¬ 
antly  sumrised  to  find  that  Koolohm  multipliers  ore  rated 
at  150’  C.,  eliminated  the  need  for  special  mounting  loca- 
t  ons,  and  that  4  megohms  could  be  obtained  in  a  unit 
S-S/T6"  long,  completely  sealed  to  withstond  even  solt 
water  immersion  tests. 


PLANE  SOUND  LOCATER 


And  so  on,  in  one  tough  application  after  another,  we  can  almost 
guarantee  that  Koolohms  will  solve  your  resistor  problems.  Your  inquiry 
will  bring  an  engineering  catalog,  samples  and  engineering  consultation. 


WOUND  WITH  CERAMIC-INSULATED  WIRE 


.  .  .  that  is  1000°  C.  heat-proof  and  moisture-proof 
and  which  affords  ample  high-voltage  insulation. 
Layer  or  interleaved  windings  permit  important  con¬ 
struction  advantages. 


Sprague  Specialties  Co.,  Resistor  Division 

North  Adams,  Mass. 


A  trio  of  soldiers  from  Fort  Totten, 
N.  Y.,  operate  a  plane  sound  locator 
on  exhibit  at  the  National  Defense  Ex¬ 
position  in  Grand  Central  Palace 


Totally  Different 


Outstandingly  Superior 


November  i94i  —  ELECTRONICS 


♦ 


Millions  of  feet  of  Belden  wire  are  being  used  in 
radio  communication  equipment  for  the  Signal 
Corps,  in  tanks,  planes,  and  in  many  other  neces* 
sary  defense  operations. 

Through  the  years,  Belden  wires  have  been  de> 
veloped  to  meet  just  such  unusual  requirements. 
S(>ecialized  experience  in  wiring  all  types  of  elec¬ 
trical  equipment  is  back  of  each  product.  Perform¬ 
ance  records  show  what  each  wire  is  designed 
to  do.  Close  inspection  in  every  step  of  manufac¬ 
turing  maintains  each  essential  characteristic. 

On  your  orders  for  defense  equipment,  specify 
Belden — your  wire  insurance. 

Belden  Manufacturing  Company 
4625  W.  Van  Buren  St.,  Chicago,  Ill. 

Belden 


The  Raufand  Corporation 
uses  Belden  Wire  in  the  manu¬ 
facture  of  “Walkie-Talkies,*’ 
tank  transmitters,  and  similar 
communications  equipment 
for  the  United  States  Army. 


Magnet  Wires 

Microphone  Cables 

ipl> 

Transmission  Cables 


WIRE  •  CABLE  •  CORDS 
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BUD  RADIO,  INC 


"eSSSSi^ 


/NAUTOMAVC  ELECTRIC  RELAYS/ 


matic  tiectnc  relays  are  lire  that  mean  genuine  economy, 
d-famous  for  quality.  Tested  The  complete  Automatic  Electric 
me  through  years  of  exacting  relay  line  includes  units  for  every 
.  .  constantly  improved  by  operating  condition.  All  are  char- 
jss  laboratory  tests  .  .  .  backed  acterized  by  jxisitive  action  and  de- 
e  "know  how”  gained  from  50  pendability — for  which  you  pay  no 

of  specialized  manufacturing  premium. 

rience — these  relays  give  you  Send  for  )our  free  copy  of  our 
uperior  performance  and  long  comprehensive  relay  catalog. 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1033  W.  Van  Burcn  Street,  Chicago 


.  .  .  for  your  sheet  metal  re¬ 
quirements.  CABINETS, 
RACKS,  CHASSIS,  PANELS 
.  .  .  everythinft  necessary  for 
all  types  of  industrial  elec¬ 
tronic  applications  and  com¬ 
mercial  station  installations. 
For  prompt  quotations,  send 
your  prints  or  specifications. 


IM 
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installed  radio  equipment  is  under  com¬ 
plete  control  of  the  operators  through 
the  remote  control  units  at  each  oper¬ 
ating  position.  A  teletype  operating 
section  is  also  included  in  the  facilities 
of  the  American  Airlines. 

A  number  of  new  type  radio  Instru¬ 
ment  landing  systems  are  being  in¬ 
stalled  at  the  airport.  Through  beams 
of  ultrashort  wave  energy  transmitted 
from  highly  directive  equipment  at 
the  airport  the  pilot,  by  means  of  an  in¬ 
strument  on  the  instrument  board  of 
the  pl^e,  can  determine  the  exact  line 
of  approach  laterally  to  the  concrete 
runway  and  also  the  exact  line  of 
descent  when  five  miles  or  more  away. 
Two  marker  beacons  along  the  line  of 
approach  to  the  landing  runway  indi¬ 
cate  to  the  pilot  when  he  should  be  at  a 
predetermined  altitude  and  when  he 
passes  the  boundary  of  the  airport. 
The  marker  beacons  operate  at  a  fre¬ 
quency  of  75  Me,  and  the  horizontal 
and  vertical  guide  beams  which  use 
separate  transmitters  and  antennas, 
radiate  at  109.9  and  93.9  Me  respec¬ 
tively.  The  use  of  ultrahigh  frequency 
permits  smaller  antennas,  thus  reduc¬ 
ing  obstacle  hazards.  In  fact  the 
horizontal  guiding  beam  antenna  may 
even  be  located  underground,  with  a 
slight  reduction  in  range.  The  vertical 
guiding  antenna  is  placed  to  one  side 
of  the  field  thus  does  not  constitute  a 
hazard,  and  the  marker  beacons  can  be 
placed  beyond  the  danger  zone. 

The  article  is  quite  comprehensive 
and  merits  the  attention  of  Ei£c- 
TRONics  readers  since  almost  all  types 
of  communications  equipment  is  used 
at  airports.  There  is  also  included  a 
radio  direction-finding  system  installa¬ 
tion.  The  indicating  device  is  a  cath¬ 
ode-ray  oscillograph  having  a  360-de- 
gree  azimuth  scale  around  the  periph¬ 
ery  of  the  screen.  In  the  absence  of 
signal  and  noise  the  light  spot  is 
centered  with  respect  to  the  azimuth 
scale.  As  soon  as  a  carrier  wave 
reaches  the  collector  system  the  spot  is 
deflected  toward  the  azimuth  indication 
corresponding  to  the  arrival  azimuth 
of  the  wave  itself.  The  indication  is 
instantly  and  automatically  unilateral 
eliminating  180-degree  uncertainty, 
and  the  deflection  can  be  read  to  within 
two  degrees  when  receiving  from 
planes  up  to  a  few  hundred  miles  away 
under  favorable  conditions. — e.e.g. 


Phototubes  in  Meteorology 


The  problem  of  atmospheric  haze,  a 
phenomenon  which  results  in  a  “false 
horizon”  which  confuses  aviators  is 
being  studied  at  Stanford  University. 
Some  of  the  obstacles  encountered  in 
this  problem  and  the  results  of  the  in¬ 
vestigation  are  outlined  in  an  article 
entitled  “The  False  Horizon,”  by  Vol- 
ney  Finch  which  appears  in  the  Oct¬ 
ober  1941  issue  of  Aviation. 

In  seeking  data  on  the  cause  of  haze, 
an  effort  was  made  to  determine  its 
relationship  to  relative  humidity,  con¬ 
densation  nuclei  density,  dust  count. 
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for 

production 

testing 


the  Model  14  is  tried  and  proven 

♦  Maximum  economy 

♦  Maximum  dependability 
♦10  frequencies  as  selected 

♦  Variable  air  condenser  for  each 
frequency 

♦  Range  100  k.  c.  thru  F-M  band 

Additional  information  on  this 
and  other  Signal  Generators  on 
request. 

Monarch  manufacturing  cu. 

3341  Belmont  Ave.  Chkrqo,  III. 
C«bU  Addrau  "MONMACO" 


FERRANTI  ^ 

Quality  Products 

60  YEARS  OF  DEVELOPMENT 


Transformers  for  every  electron¬ 
ic,  sound,  communication,  indus¬ 
trial,  and  laboratory  use  —  min¬ 
iature  aero  transformers  for  air¬ 
craft  and  portable  work  —  high 
power  plate  and  filament  trans- 
forrr.ers  —  filters,  equalizers, 
modulation  sets,  rectifiers,  etc. 
—  electrostatic  voltmeters,  port¬ 
able  voltmeters,  ammeters, 
phase  rotation  indicators,  spe¬ 
cial  testing  equipment,  and  nu¬ 
merous  other  instruments. 

Prompt  Service  —  low  Prices 
—  Immediate  Deliveries.  Write 
for  literature  and  prices. 


ELECTRIC,  INC. 

R.C.A.  BUILDING 
NEW  YORK,  N.Y. 


and  the  time  of  day.  The  method  used 
was  to  project  a  light  beam  down  an 
open  field  to  a  phototube,  and  measure 
continuously  the  intensity  of  the  beam 
as  it  varied  by  reason  of  its  light  scat¬ 
tered  by  the  particles  constituting  the 
haze.  The  nuclei  density  was  obtained 
and  recorded  by  an  apparatus  pre¬ 
viously  used  by  Professors  Bradbury 
and  Meuron  for  measuring  the  varia¬ 
tion  of  the  number  of  condensation 
nuclei  in  the  atmosphere  throughout 
the  day.  In  this  apparatus  an  air 
sample  is  drawn  into  a  Wilson  cloud 
chamber  and  expanded.  The  expan-  j 
sion  cools  the  air  to  below  the  satura 
tion  point  with  the  result  that  the  j 
water  vapor  in  the  sample  condenses  j 
upon  the  nuclei  present.  A  light  beam  ! 
through  the  cloud  chamber  is  directed 
onto  a  phototube,  and  a  relationship 
has  been  established  between  the  ; 
amount  of  light  extinction  and  the 
number  of  nuclei  present.  A  galvano¬ 
meter  is  arranged  to  measure  and 
record  the  result  on  a  photographic 
paper  mounted  on  a  rotating  drum. 
The  apparatus  examines  the  sample 
in  fifteen  minutes,  and  since  it  is  oper¬ 
ating  continuously  the  record  shows 
the  number  of  condensation  nuclei 
present  in  the  atmosphere  at  the  field 
at  intervals  of  fifteen  minutes  through¬ 
out  the  day. 


T^eahtm'^aSUcd. 


FOREIGN  LANGUAGE 
BROADCASTS  RECORDED 


#  High  processing  costs  and  pro¬ 
duction  delays  are  wiped  out  by  the 
use  of  Richardson  precision  Molded 
or  Laminated  INSUROK  plastic  parts 
or  finished  products.  They  come  to 
you  ready  for  instant  use. 

Step  up  output  by  putting  Richardson 
Plasticians  and  facilities  into  your 


With  intense  radio  broadcasting  activ¬ 
ity  under  way  by  every  major  national 
government  in  the  world,  propaganda 
activities  are  continually  being  studied 
and  recorded  in  this  country.  Here  are 
shown  a  complete  battery  oi  multi¬ 
lingual  listeners  who  are  tuning  in  to  a 
number  oi  European  broadcasts.  It  has 
become  practice  for  European  nationals 
to  transmit  the  same  news  on  two  or 
more  transmitters  simultaneously  to 
insure  that  it  gets  through  the  jamming 
of  a  hostile  nation 


production  line.  INSUROK  plastics 
are  manufactured  in  many  types  and 
grades.  Literature  will  gladly  be  sent 
on  request. 


■>-!.  RICHARDSON  COMRVNT 

FOUNOCO  105% 

MFLROSt  PARK.  ILL  LOCKLANO  Ch  T 

NEW  BPUNSWICK  N  J  INOlANAPOL^  NO 
DETROIT  OFFICE  4  252  C  M  BUILDING 
NEW  YORK  OFFICE  75  WEST  STREET 


I 
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USED  BY  33  GOVERNMENTS 
SOLD  IN  89  COUNTRIES 


Resistance  Tuning 

The  IDEIA  of  varying  the  frequency  of 
an  oscillator  by  means  of  changing 
the  resistance  in  the  inductance  or 
capacitance  portion  of  the  circuit  is 
not  new.  This  scheme  has  not  been 
widely  applied  because  of  the  limited 
frequency  range  afforded  by  using  this 
expedient.  However,  recently  several 
interesting  papers  on  the  subject  of 
resistance  tuning  have  appeared  in 
various  journals.  One  of  these  is  called 
“Theory  and  Application  of  Resistance 
Tuning”,  by  Cledo  Brunetti  and  Eric 
Weiss,  and  appears  in  the  June  1941 
issue  of  Proceedings  of  the  I.R.E. 


ESI  JACKSON 

Resistance-Capacity  Tuned 

★  AUDIO  OSCILLATOR 


H*r*  is  a  trisd,  proTsn  and  accsptsd 
Audio  Oscillator  whoso  brilliant  poriorm- 
anco  sols  it  opart  from  othor  makos. 
'JL  Audio  FroquonCT  ▼oltogo  is  doTolopod  ot 
^  its  Fundamontal  Froquoncy — by  tbo  Ho- 
sistance-Copocity  Tunod  Principlo.  This  is 
not  a  "boat  froquoncy"  oscillator  and 
contoins  no  R.F.  circuits.  Oporation  is 
Tostly  simpliiiod.  Charoctoristic  faults  of 
old  stylo  mothods  cao  oUminatod.  Glass 
onclosod  diroct  roadinq  dial  is  accurato  to 
within  3%  or  ono  cyclo.  Many  othor  out- 
^  standing  foaturos.  Prico  $ae.50. 

Write  for  doscripfire  liforoturo 


Fig.  1 — Circuit  of  simplified  ideal 
OBcillotor 


From  the  viewpoint  of  priorities  and 
technical  interest,  it  merits  our  at¬ 
tention  here. 

A  simplified  diagram  of  a  resistance- 
tuned  oscillator  is  shown  in  Fig.  1. 
The  element  to  the  left  of  A — B  is  a 
negative  resistance  of  constant  value 
r„.  For  this  circuit,  it  can  be  shown 
that  oscillations  will  occur  when 


THE  JACKSON  ELECTRICAL 
^  INSTRUMENT  COMPANY 

123  Wayn*  Avonu*  Dayton.  Ohio 


Try  a  HaUicrafters  Super  Sky- 
rider,  Model  SX-28  and  know  the 
difference!  —  in  operation,  per¬ 
formance  and  stability.  This  15 
tube,  6  band  communications 
receiver  delivers  dependable  re¬ 
sults,  even  under  adverse  operat¬ 
ing  conditions.  Covers  550kc.  to 
42mc.  The  controls  are  arranged 
to  give  effortless  tuning. 

See  the  Super  Skyrider  model 
SX-28  at  your  HaUicrafters  dis¬ 
tributor  todav. 


The  frequency  of  oscillation  will  be 


FLEXIBLE  COAXIAL 

CABLES 


Inserting  Eq.  (2)  into  Eq.  (1)  gives 
L  RlRc 

C{Rl+Rc)  ^  Rl+Rc 
Thus  if  either  or  Rc  or  both  are 


INSULATED  with  low  loss  rubber 
compound  or  specially  designed 
beads  providing  a  maximum  of  air 
insulation. 

CONDUCTORS  used  to  give  the 
desired  impedance  within  close  tol¬ 
erances. 

COVERINGS  of  cotton  braid  for 
maximum  flexibility  or  high  grade 
rubber  or  synthetic  sheath  providing 
suitable  protection  against  humidity 
and  weather  conditions. 

ALL  CABLES  are  made  to  order  to 
customers’  specific  requirements, 
from  a  simple  patch  cord  to  a  large 
multi-conductor  television  camera 
cable. 

B.  1.  W.  MANUFACTURES  numer- 
ous  high  quality  wire  and  cable 
products  which  today  are  being  used 
in  defense  equipment  from  large 
aircraft  to  the  smallest  electrical 
instrum<^nt. 


Resistance 

(a) 


Fig.  2 — Frequency  of  resistance-tuned 
oscillator.  Curve  A:  R,  =  0.  varied 
from  0  to  y/L/C.  Curve  B:  Rj,  =  0,  R^ 
voried  from  0  to  V  L  C.  Curve  D:  R^ 
-(-  R,  =  lt<  V  L/C.  R,,  varied  from  0 
to  k.  Curve  E;  R^  +  Rc  ^  k/2:  R^, 
varied  from  0  to  k/2  » 


BOSTON  INSULATED 
WIRE  AND  CABLE  COMPANY 
61  BAY  ST..  BOSTON.  MASS. 


CHICAGO.  U.  S.  A. 
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varied  and  adjusted  to  maintain 
Eq.  (3)  the  frequency  will  vary  in  the 
manner  given  by  Eq.  (2). 

The  curves  in  Fig.  2  show  how  the 
frequency  varies  as  the  resistance  is 
changed  in  either  leg  of  the  circuit,  or 
in  both  legs  simultaneously.  It  is  seen 
that  by  proper  choice  of  L  and  C  the 
frequency  may  be  varied  over  any 
desired  range  for  any  predetermined 


Summary  of  Resistance-Tuned  Transitron 
Oscillator  Performance 


LEFT:  Type  M03  temperature 
controlled  unit  specially  de¬ 
signed  for  high  frequencies. 

CENTER;  Type  M02  unit  is 
ruggedly  built  for  portable  and 
moMlle  transmitters;  2,OOOkc. 
to  30,000kc. 


Ratio  of 

Tuning  Resist-  Frequency 
ance  in  Variation 

L  arm  25  to  1 

L  arm  5  to  1 

C  arm  2  to  1 

Both  L  and  C  arms  50  to  1 

Both  L  ond  C  arms  20  to  1  * 

Both  L  and  C  arms  1.5  to  1*‘ 


Wave  Form 

Variable*  •• 

Good 

Good 

Variable 

Variable 

Good 


RIGHT;  Type  BC46T  Preci¬ 
sion  Variable  Air  Gap  Temper¬ 
ature  controlled  unit  primarily 
for  Broadcast  frequencies. 
Approved  by  F.  C.  C. 


cepted 
trform- 
makes, 
pod  at 
le  Jte- 
rhis  is 
r  and 
ion  is 
ults  of 
Glass 
rote  to 
sr  out- 


*  Near-linear  relationship  between  fre¬ 
quency  and  resistance. 

*  *  True  linear  relationship  between  fre- 
'^uency  ond  resistance. 

***  Wareform  good  over  large  portion  of 
range;  approaches  relaxation  oscillations 
over  remainder  of  range. 


Bliley  Crystal  Units  for  fr^uencies  from  20kc. 

to  30mc. — three  of  which  are  illustrated — 
conform  to  highest  commercial  standards  of  de¬ 
sign  and  performance.  Write  for  your  copy  of 
Catalog  G-12  describing  the  complete  line. 


range  of  variation  of  resistance.  In 
practice  however,  certain  limitations 
prevent  complete  attainment  of  the 
theoretical  behavior. 

A  large  variation  in  frequency  re¬ 
quires  so  much  resistance  that  wave¬ 
form  becomes  distorted.  The  theoreti¬ 
cal  aspects  of  the  nonlinear  factors 
which  influence  the  frequency  are  dis¬ 
cussed  by  the  authors.  They  also  con¬ 
sider  tuning  by  means  of  a  variable 
resistance  in  the  inductance  arm,  in 
the  capactive  arm,  extended  range  tun¬ 
ing  by  adding  variable  resistors  to 
both  arms,  straight-line  tuning,  the 
effect  of  supply  voltages  on  frequency, 
and  applications.  The  table  sum¬ 
marizes  resistance-tuned  transitron 
oscillator  performance.  The  resistance- 


DON’T  BUY 
ANY  RESISTOR 

until  you  investigate  the  Ceramic  Resistor 

BRAND 

•  Your  choice  of  a  resistor  is  important.  That’s  why  you  should 
find  out  all  about  Globar  Brand  Ceramic  Resistors  that  are 
serving  industry  in  so  many  different  ways. 

They  are  non-inductive,  chemically  stable,  mechanically 
strong  . . .  and  available  in  a  wide  selection  of  types,  shapes, 
sizes  and  characteristics. 

If  you  are  faced  with  any  kind  of  resistor  question,  the  service 
r»f  Clobiir  enj?ineers  is  vours  for  the  asking.  Simply  write  for 


WHITE  HOUSE  BROADCAST 


(Globar  M  a  rrgislrretl  Iraile-iuarkol  The  Garborumlum  Company) 


A  battery  of  remote  pick-up  units  in¬ 
stalled  in  the  Oval  Room  at  the  White 
House  at  Washington.  D.  C..  on  Sept. 
12  when  President  Roosevelt  made  his 
historic  speech 
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In  Canada:  AEROVOX  CANADA  LTD.,  Hamilton,  Ont. 


EXPORT:  100  Varick  St.,  N.  Y..  Cable  ‘ARLAB' 


TUBES 


For  the  first  time  no  new  tubes  have  been 
registered  by  the  RMA  Data  Bureau  dur¬ 
ing  a  calendar  month.  Characteristics  of 
a  number  of  phototubes  are  presented 


CAPACITORS 


Tube  Registry 


General  Scientific  Corp, 

Phototubes,  gras-fillt .  tg-4)  and  vac¬ 
uum  (V-4),  cathode  i.  ia  J  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  li  inch  (aprox),  overall 
seated  height  2  inches  (max),  diameter 
U  inch  (max),  supplied  without  base. 


No  new  tube  types  were  registered  by  the 
RMA  Data  Bureau  during  September  1941 


Phototubes 


General  Scientific  Corp. 

Phototubes,  gas-filled  (G-1)  and  vac¬ 
uum  (V-1),  cathode  area  18  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  118  inch,  overall  seated 
height  3  A  inches  (max),  diameter 
lA  inch  (max),  4-pin  base. 


Sensitivity 

Cias-filled  phototube  » 
Ma  lumen 

Vacuum  phototube  — 
fisi  lumen 

Operating  V’oltage  —  90  v 


ZitOO  4000  S.U0  1200 
Wovtlogth  -  An^itrams 


R  Introduced  some  time  ago  in  the  electro¬ 
lytic  type,  AeroTox  Plug-in  Capacitors 
are  now  available  in  wax-  and  oil-iilled 
paper  types  as  well.  Thus  more  than 
ever  before,  these  plug-ins  are  the  logical 
choice  lor  aircraft  military,  police, 
sound  system  and  other  equipment 
where  continuity  of  service  is  the  prime 
requisite. 


General  Scientific  Corp. 

Phototubes,  gas-filled  (G-6)  and  vac¬ 
uum  (V-6),  cathode  area  H  sq  inch, 
(approx),  seated  height  to  center  line 
of  cathode  li  inch,  overall  seated 
height  2 A  inches  (max),  diameter  IJ 
inch  (max),  4-pin  base. 


-2400  4000  kun  1200 
Wovticngth  -  Angs^rona 


Sensitivity 

Gas-filled  phototube  - 
fi&  ^lumen 

Vacuum  phototube  = 
/xa./lumen 

Operating  Voltage  —  90  v 


ELECTROLYTIC 


Available  with  plain  toil  and  with  etched 
toil  sections.  Single,  dual,  triple  and  quad¬ 
ruple  section  units.  25  to  500  v.  D.C.W. 
Corrosion-proof  internally  and  externally. 
Adequately  vented.  Octal  base  fits  standard 
octal  socket. 


2400  4000  1200 

Wovtiength  -  Angstroms 
tiul  Ri4 


Sensitivity 

Gas-filled  phototube  • 
lumen 

Vacuum  phototube  -■ 
/ia/liimen 

Operating  Voltage  •«  90  v 


Gas  phototube,  window  area  0.4  square 
inch,  seated  height  to  center  line  of 
cathode  IJ  inch,  overall  length  2  15/32 
inches  (max),  overall  diameter  23/32 
inch  (max),  3-pin  base. 


Type  71,  a  wax-impregnated  wax-filled 
paper  capacitor  in  aluminum  casing.  Octal 
base.  Single  and  multiple  section  units. 
200,  400  and  600  v.  D.C.W. 


Type  72,  an  oil-impregnated  oil-filled  paper 
capacitor  in  oluminum-sprayed  tin-plote  con¬ 
tainer  with  prong  base  fitting  standard  UX 
socket.  Hermetically  sealed.  Positively  leak¬ 
age  proof.  In  single  and  multiple  section 
units.  400  and  600  v.  D.C.W. 


Phototubes,  gas-filled  (G-7)  and  vac¬ 
uum  (V-7),  cathode  area  lA  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  2i  inches,  overall  seated 
height  3S  inches  (max),  diameter  13 
inch  fmax),  4-pin  base. 


New  CATALOG 


Our  Transmitting  Capacitor  Catalog  has 
been  extensively  revised  and  new  loose- 
leaf  pages  are  now  available.  New  edition 
available  to  anyone  octively  engaged  in 
professional  communication  or  electronic 
fields.  Use  business  stationery  when  writing. 


Wovcicngfh, 
Angstrom  UnitS' 
Thousands 


Gas  Amplification  Factor  —  Not  over  7 

Luminous  Sensitivity 
0  cps  (dc)  =  75  Ms/lumen 
1000  cps  ••  70 
5000  cps  =  65 
C(cathode-anode)  =  2.0  mmI 
Max  Ambient  Temp  ••  ICK)”  C 
Max  Anode  Supply  Voltage 
-  90  V 

Max  Anode  Current  •=  2  ms 
Sensitivity  (.E  anode  supply 
=  90vand/2i=l  megohm) 

0.0050  «ia/ gwatt  radiant 
flux  at  7500  A.  See  curve. 


2400  4000  kUO  1201 
Wo*»ltngth  -  Angstroms 
Blui  Rtl 


Sensitivity 

Gas-filled  phototube  » 
ua/lumen 

Vacuum  phototube  “ 
/aa/lumen 

Operating  V oltage  “  90  v 


■I 
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Types  G-S  and  V-5 

General  Scientific  Corp. 

Phototubes,  gas-filled  (G-5)  and  vac¬ 
uum  (V-6),  cathode  area  S  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  lA  inch,  overall  seated 
height  2i  inches  (max),  diameter  1 
inch  (max),  supplied  without  base. 


Sensitivity 

(ias-6Ued  phototube  • 
/M  'lumen 

Vacuum  phototube  “ 
^/lumen 

Operatinic  V'oltage  —  90  v 


cS  ZttO  4D00  tUO  UDO 
Wovtlcngth  -  Anostrvns 
Blut  lei 


Types  G-8  and  V-8 

General  Scientific  Corp. 

Phototubes,  gas-filled  (G-8)  and  vac¬ 
uum  (V-8),  cathode  area  i  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  2A  inches,  overall  seated 
height  3 A  inches  (max),  diameter  lA 
inch  (max),  4-pin  base. 

*  6i— T7P — I - r— I 


w  m  wn  iM 

Wairticnqth  -  An^roms 

Bbt  liB 


Sensitivity 

Gas-filled  phototube  » 
jua /lumen 

V  acuum  phototube  ~ 
ft»  lumen 

Operating  Voltage  “  90  v 


Types  G-9  and  V-9 

General  Scientific  Corp. 

Phototubes,  gas-filled  (G-9)  and  vac¬ 
uum  (V-9),  cathode  area  i  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  2 A  inches,  overall  seated 
height  3 A  inches  (max),  diameter  lA 
inch  (max),  4-pin  base. 

A 


m  'inn  vn 

Wsoticngth  -  Anosttwia 
Blut  M 


Sensitivity 

Gas-fiUe<l  phototube  ■« 
MS  lumen 

Vacuum  phototube  = 
Ma  lumen 

Operating  Voltage  90  v 


Types  G-10  and  V-10  , 

General  Scientific  Corp. 

I 

Phototubes,  gas-filled  (G-10)  and  vac¬ 
uum  (V-10),  cathode  area  lA  sq  inch 
(approx),  seated  height  to  center  line 
of  cathode  2iJ  inches,  overall  seated 
height  4  inches,  diameter  2  A  inches, 
flexible  leads. 


Sensitivity 

Gas-filled  phototube  “ 
Ma /lumen 

Vacuum  phototube 
Ma  lumen 

Operating  Voltage  -  90  v 


10<S  2.400  4JN0  SAOO  12N 
Wovtlmoth  -  Anostroms 
Blut  M 


\'l  type  65X  \\ 

\\  Actual  SIxu  .1 

\\  Other  type,  ovolloble  I- 

]\  the  lower  voluet 

resistor 

niyPS  FULL  DETAILS... 

U  shows 

construction  d'  -.led 

:ry;;«t.'^VrU.  (or  -.t-todav. 


THESE  widely  used  Resistors  are  favored 
■  because  of  their  noiseless  operation  and 
durability  and  because  they  retain  their 
values  and  characteristics  under  extremes 
of  temperature,  humidity  and  climatic 
changes. 

STAKDARD  RANGE 

1000  ohms  to  10  megohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in  the 
standard  range  are  supplied  with  each  resis¬ 
tor  noise  tested  to  the  following  standard: 

For  the  complete  audio  frequency 
range,  reiistor*  shall  hove  less  noise 
than  corresponds  to  a  change  of  re¬ 
sistance  of  1  part  in  1,000,000. 

HIGH  VALUES 

IS  to  1,000,000  megohms. 


S.  S.  WHITE 

The  S.  S.  White  Dental  Mig.  Co. 

—INDUSTRIAL  DIVISION— 

Department  E.  10  East  48th  St.,  New  York.  N.  Y. 


NEW  PRINCIPLE 


ped&tef 


$iv/rc// 


One  piece  blade 
with  rolling;  spring; 


This  new.  simple  principle 
gives  ACROSNAP 
SWITCHES  these  out¬ 
standing  characteristics. 

Millions  of  Operations. 

Positive,  frictionless  snap 
action. 

Precision  Operation. 

Low  Operating  Pressure. 

High  Contact  Pressure. 

High  Operating  Frequency. 
Small  Sise.  Easy  Installation. 


OVERTRAVEL  TYPE 

This  switch  has  I  16"  overtravel,  that  is,  total  travel 
of  1/16"  of  which  only  approximately  l/IOOO"  is  re¬ 
quired  for  actuation.  The  balance  is  usable  in 
adapting  the  switch  to  the  mechanism  which  operates 
it. 


Write  for  inferfflofion  advising  purposes  for  which  switches  ore  desired. 

ACRO  ELECTRIC  CO. 


3145  Fulton  Rd. 


Dept.  K 


Cleveland,  Ohio 
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(General  Scientific  Corp. 

Phototubes,  gras-filled  (G-11)  and 
vacuum  (V-11),  cathode  area  li  sq 
inch  (approx),  seated  height  to  center 
line  of  cathode  IS  inch,  overall  seated 
height  21  inches  (max),  diameter  li 
inch  (max),  4-pin  base. 


Z400  4000  SiM  UN 
Wavticngth  *  Angstroms 


from  th«  Oriif inal  by  Allen  Uoueer,  Grnndeon  of  Gerunimu 

7]IQT  CTrDDfU'  INDIANS  KNEW  THEY  pri  711 

,  HO  1  Mi  Ll  1  ill  COULD  GET  THERE  QUICKER  USING  llLLA  J 

Th*  fastest  and  bast  method  of  transmitting  signals  or  im¬ 
pulses  yesterday  or  today  . . .  RELAYS!  But,  for  those  who  demand 
the  best  means  of  this  iMSt  method  .  .  .  Relays  by  GUARDIAN! 

RELAYS  by  GUARDIAN 

TODAY  —on  defense  contracts  ...  Government  approved  Relays 
by  Guardian  will  speed  production  ...  outperform  gear,  cam, 
spring  and  lever  controls  .  .  .  prevent  rejects  and  help  you  meet 
and  beat  delivery  dates. 

TOMORROW  ~when  the  end  of  defense  demands  leaves  you 
with  expanded  plant  and  production,  your  peace-time  product 
equipped  with  complete  Electrical  Control  by  Guardian,  will  cost 
less  to  produce  .  .  .  sustain  increased  capacity  .  .  .  meet  compe¬ 
tition  . . .  return  MORE  PROFITS! 

FREE  —initial  Your  Letterhead  for  Sew  Catalog  “F”.  Write 


ISciisitivity 

Gas-&tle<l  phototube  = 
pa,  lumen 

Vacuum  phototube  = 
pa.  lumen 

0|>erating  Voltage  =  IH)  v 


(ieneral  Scientific  Corp. 

Phototubes,  gas-filled  (G-12)  and  vac¬ 
uum  (V-12),  cathode  area  ■  so  inch 
(approx),  seated  height  to  center  line 
of  cathode  1 13  inch,  overall  seated 
height  21J  inches  (max),  diameter 
inch,  4-pin  base. 


Series  BK — 16  Relay.  Built  to 
ininiinum  tolerances  and  the 
most  exacting  requirements  in 
production  quantities  for  the 
U.  S.  Signal  Corps. 


1625  West  Walnut  Street 


Chicago,  Illinois 


LARGEST  LINE  OF  RELAYS  SERVING  AMERICAN  INDUSTRY 


2.400  4.009  S.M)0  m 
Wavelength  -  Angstroms 
Biue  Od 


Sensitivity 

Gas-filled  phototube  = 
pa  lumen 

Vaeuuni  phototube  = 
pa  lumen 

Operating  Voltage  =  '.Ml  v 


Defense  wanted  the  speakers  moisture-proofed!  In  meet¬ 
ing  this  requirement,  CINAUDAGRAPH  successfully  test¬ 
ed  the  MALLARD  under  water. 

Whether  it's  for  Defense,  or  just  plain  John  Q.  Public, 
CINAUDAGRAPH  SPEAKERS  represent  superior  work¬ 
manship,  fine  materials  and  intelligent  engineering  design. 
Write  now  for  the  new  Fall  Catalog  listing  all  speakers. 
It's  free! 

CINAUDAGRAPH  SPEAKERS,  Inc. 

Dept.  ES,  921  W.  VanBuren  Street 
CHICAGO  •  ILLINOIS 


AERIAL  WEAPON 


A  strange  looking  radio  controlled 
aerial  weapon  developed  by  a  Mare 
Island  Navy  Yard  engineer  has 
aroused  the  interest  of  Army  officials 
at  Vallejo.  Calif.  The  winged  tor¬ 
pedo  shown  above  operates  on  the 
principle  of  the  gyroscope  and  is  de¬ 
signed  to  fly  at  an  altitude  of  30,000 
feet,  carrying  a  load  oi  bombs.  John 
Hodgdon,  the  inventor,  is  shown  at  the 
left,  with  Bob  Poison,  who  built  the 
working  model  shown 


MALLARD 
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DRAKE  MANUFACTURING  CO. 

1713  W.  HUBBARD  ST.  •  CHICAGO,  U.  S  A. 


KENYON  TRANSFORMER  CO.,  Inc 

840  BARRY  STREET 


NEW  YORK.  N.  Y 


Cable  Addieu:  '  KENTRAN  — New  York 


General  Scientific  Corp. 

Phototubes,  gas-filled  (G-13)  and 
vacuum  (V-13),  cathode  area  3  sq 
inch  (approx),  seated  height  to  cen¬ 
ter  line  of  cathotle  inch,  overall 
seated  height  3i’s  inches,  diameter 
lia  inch  (max),  4-pin  base. 


ITCNT  N9  3I94S4S 


N2  75TYPj 


V  Check 


van  m  w  m 

Wovelength  -  hnjfiUvn 
eiLi  Itii 


..AND  WE  HOPE 
THERE  WILL 
ALWAYS  BE  A 


THE  IMPROVED  FEATURES  OF  THIS 
BETTER  PAHEL  LIGHT  ASSEMBLY 


Sensitivity 

Gas-filled  phototube  = 
/ua  lumen 

Vacuum  phototube  = 
Ma.  lumen 

OT>eratint;  VoltaKe  =  '.Ml  v 


1.  Bulb  instantly  realaceable  from  panel  front. 

2.  "Slip-lit"  betel  of  polished  chrome  slides  out  from 
front— exposinf  bulb. 

3.  Supplied  with  clear  white  “Bulls-eye"  and  removable 
color  disc. 

4.  Different  colored  discs  quickly  inserted. 

5.  Colors  show  only  when  lamp  is  lighted. 

6.  Also  supplied  with  colored  glass  .  .  smooth  or 

diamond  cut  type. 

7.  Precision  engineered  .  .  made  of  finest  materials. 

8.  Can  be  adapted  to  many  various  applications. 

No.  75  Type  is  only  one  of  the  big  line  of  standard  and 
special  Dial  and  Jewel  Pilot  Light  Assemblies  we  make. 
They  are  used  by  most  leading  electrical,  radio,  and 
airplane  manufacturers. 

Will  You  Writ#  for  Our  Catalog? 


Types  G-14T  and  V-14T 


General  Scientific  Corp. 

Twin  phototubes,  gas-filled  (G-14T) 
and  vacuum  (V-14T),  cathode  area  A 
sq  inch  (approx)  each  cathode,  seated 
height  to  center  line  of  cathodes  2 
inches  (approx),  overall  seated  height 
3  inches  (approx),  diameter  ItV  inch 
(approx)  4-pin  base. 


KENYON 


One  of  the  greatest  reasons  for 
Kenyon's  leadership  has  been  its 
consistency  of  quality  and  de¬ 
pendability  .  .  . 


Day  atter  day  our  many  cus¬ 
tomers,  the  blue  blood  of  the 
electrical  industry,  say  to  us, 
"We  hope  there  will  always  be 
a  Kenyon." 


Z4BB  AOOD  ^IdB  l?0B 
Wfl*f  Icnglh  -  Angstrom* 
Blui  Rti 


Seusitivity 

Gan-filled  phototube  = 
jua  lumen 

Vacuum  phototube  = 
^a  lumen 

0|H‘ratinB  Voltaite  =  tMi  v 


These  companies  by  past  experi¬ 
ence  and  justified  faith  have 
come  to  rely  heavily  upon  Ken¬ 
yon  products.  We  take  that 
responsibility  seriously  .  .  .  and 
to  the  best  of  our  ability,  there 
will  always  be  a  Kenyon. 


From  AC  to  DC  with 

RECTIFIERS 


General  Scientific  Corp. 

Phototubes,  gas-filled  (G-15F)  and 
vacuum  (V-1.tF),  cathode  area  4  sq 
inch  (approx),  seated  height  to  center 
line  of  cathode  ll,\  inch,  overall  seated 
height  1 4  inch  (approx),  diameter  § 
inch,  3-pin  base. 


To  know  what  to  do  is  wisdom  and  to  know 
how  to  do  it  is  skill.  To  combine  wisdom  and 
skill  and  do  the  job  right  is  service. 

B-L  engineers  are  backed  by  85  years  of  de¬ 
signing  and  building  dry  plate  metallic  recti- 
Fiers  (or  industrial  applications  of  an  almost 
endless  variety,  together  with  years  of  expe¬ 
rience  in  manufacturing  portable  battery 
chargers  for  Railroad  and  Automobile  bat¬ 
tery  servicing.  They  know  their  job  and  will 
welcome  the  opportunity  to  solve  your  rec¬ 
tifier  problems. 

May  we  serve  you?  '  iV. 


m  ABOB  iibOB  m 
Wovtlcngth  -  Angstrom* 
Blut  '  W 


gtCTItItRS 


Sfiisitivity 

L!:i»-fille<l  phototube  = 
|U:i  lumen 

Vacuum  phototube  = 
;uu  lumen 

tlperating  Voltage  =  'JO  v 


1805  LOCUST  STREET  .  ST.  LOUIS.  MO 


ELECT  R(TN1CS  —  ISovember  10 II 


103 


Tyn' 

CO". 
'!  VOiTS 
madc 
-  CAi6 


General  Scientific  Corp. 

Phototubes,  gas-filled  (G-16)  and 
vacuum  (V-16),  cathode  area  i  sq  inch 
(approx),  seat^  height  to  center  line 
of  cathode  lA  inch,  overall  seated 
height  118  inch  (approx),  diameter 
I  inch,  3-pin  base. 


Relays  ,  ,  .  Relays  .  .  .  Relays 

FOR  DEFENSE! 

Every  department  in  the  new  G-M  Laboratories  plant  is  keyed  for 
Defense.  Below  is  pictured  a  brand  new  and  better  Relay  now  being 
produced  in  quantities  to  further  the  National  Defense  production  Pro¬ 
gram.  If  you  are  engaged  in  Defense  production  and  need  relays,  or 
any  other  G-M  product’*  write  or  wire  for  information. 

*  Other  G-M  items  include  Phototubes,  Phototube 
Equipment,  small  and  miniature  Meter  Movements, 

Exposure  Meters,  Sensitive  Instruments.  Step. 

ping  Relays,  Sensitive  Relays  and  Galvanometers.  ^ 

New  G-M  Relay  Type  “J” 

1 —  Low  weight,  small  size,  rugged  construction 

2 —  Designed  to  withstand  high  acceleration  and  aircraft  vibra- 

3 —  Suitable  for  use  at  high  altitudes  H 

4 —  Satisfactory  under  conditions  of  high  humidity 


ZitOO  4!)00  SiUO  t2N 
IMovtltngth  -  Angstrwn* 


Sensitivity 

Gas-filled  phototube 
M/lumen 

Vacuum  phototube  » 
tia/lumen 

Operating  Voltage  ••  90  v 


Types  G-18T  and  V-18T 

General  Scientific  Corp. 

Twin  phototubes,  gas-filled  (G-18T) 
and  vacuum  (V-18T),  cathode  area 
0.25  sq  inch  (approx)  each  cathode, 
overall  seated  height  2i  inches  (ap¬ 
prox),  diameter  1  inch  (approx),  sup¬ 
plied  without  base. 


Sensitivity 

Gas-filled  phototube  = 
Ma/lumen 

Vacuum  phototube  “ 
t>a/lumen 

Operating  Voltage  =  90  v 


m  *m  'm  m 

Wavtlenjth  -  An9stroms 
Blut  BW 


NEW  ACOUSTIC  THEORY 
TESTED 


Elsctronlc  Tubes  by  Continental  represent  the  accumula¬ 
tion  of  many  years  of  eiporience  In  research,  engineering, 
and  production.  They  are  definitely  better  both  in  per¬ 
formance  and  dependability. 

That  is  why  many  of  the  country's  foremost  manufacturers 
have  made  Continental-built  Electronic  Tubes  standard  for 
their  equipment.  Your  product,  too,  will  perform  better 
with  them. 

Write  today  for  engineering  data  on  photo  cells,  mercury 
rectifiers,  ultra-violet  lamps  and  other  tubes  produced  by  us. 


CONTINENTAL  ELECTRIC  CO 


Merebaadise  Mart 
Cliiccige,  llliiieis 


Plant 

Geneva,  Illinois 


Cetron 


FAMOUS 

for  years  .  .  . 


for  their  uniform  accuracy 
and  great  strength  .  .  . 
for  the  unique  self-locking 
feature  on  the  "Unbrako'^ 
Hollow  ^t  Screw  with  the 
Knurled  Points  .  .  .  for  the 
Socket  Head  Cap  Screw 
with  the  Knurled  Head 
that  gears  right  to  the 
fingers  and  saves  assem¬ 
bling  time. 

"Unbrako"  Products  are 
available  in  a  complete 
range  of  sizes  from  num¬ 
ber  4  up.  For  free  samples 
and  literature,  write  today. 
KNURLING  of  Socket 
S  c  r  e  w  s  origIncRod  with 
"UNBRAKO"  yeors  ago. 


acc.  u.s.  eoT.  orricf 


Dr.  Vincent  Salmon,  mathematical  phya- 
iciat  ol  the  lenaen  Radio  Miq.  Co.,  at 
Chicago,  inapecta  a  planter  poria  model 
of  one  of  the  Hypex  home  which  he  haa 
developed.  It  ia  believed  that  thia  ia 
the  firnt  time  that  experimental  horna 
have  been  caat  of  planter  paria  in  thia 
manner 


SCREW 

PRODUCTS 


STANDARD  PRESSED  STEEL  CO 

lex  Sn.  JENKINTOWN,  PENNA. 


(»l 

LAH()HAT()KM':S  ] 

[ntH 

4313  NORTH  KNOX  AVE.  CHICAGO 

,  U.  S.  A.  1 
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D-C  AMPLIFIER 

(Continued  from  page  31) 

perfect  regulation  with  respect  to 
line-voltage  variations.  The  addi¬ 
tion  of  the  connection  AA'  puts  in 
a  forward-acting  correction  and  per¬ 
fect  regulation  with  respect  to  line- 
voltage  variations  is  possible. 

In  order  to  consider  the  circuit 
further,  let  us  refer  to  Fig.  10.  In 
this  figure  the  generator  V  repre¬ 
sents  the  line-voltage  variation,  the 
generator  p»ep  represents  the  equiva¬ 
lent  generator  of  the  2A3,  the  sym¬ 
bols  /i*.  and  pio  represent  the  voltage 
gains  of  the  amplifying  stages  in 
the  regulator,  and  the  fc’s  represent 
the  fractions  of  the  total  voltages 
which  are  picked  off  on  the  potential 
dividers.  The  output  e,  of  is 
proportional  to  the  algebraic  sum  of 
the  three  input  signals.  Using  the 
symbols  defined  in  the  figure,  we 
may  write: 

V  —  fit  eg  —  E  =  0  (6) 

Also, 

eg  =  fi  to  (ft  10  kfE  -j-  kt  E  +  k'i  \  )  (7) 

Then,  on  eliminating  e,  we  find 

E  _  _ 1  —  ftt  ft  to  ki _ 

V  1,+  ft*  ft  M  ft  m  ki  fit  fiio  kt 

Hence  we  obtain  perfect  regulation 
for 


Slight  variations  from  the  ideal  in  j 
values  of  fcj,  /i,,  or  /x»,  still  leave  a 
very  large  stabilization  ratio  due  to 
the  large  factors  in  the  denominator 
of  Eq.  (8).  Thus,  errors  in  the  for¬ 
ward-acting  portion  of  the  regulator 
are  greatly  reduced  through  a  high- 
gain  feedback  amplifier.  The  effect 
is  that  the  circuit  parameters  and 
tube  constants  are  not  at  all  criti¬ 
cal,  and  essentially  perfect  regula¬ 
tion  may  be  obtained  over  a  wide 
range. 

Measurements  on  the  regulator  of 
Fig.  2  gave  the  following  results: 

(1)  Total  a-c  component  of  out¬ 
put  voltage  is  approximately  0.5 
millivolt  in  250  volts,  or  2  parts  in 
a  million. 

(2)  Variation  of  line  voltage  from  1 
95  to  125  volts  changes  output  by  i 
less  than  0.4  millivolt.  This  is  suf-  i 
ficient  regulation  to  make  the  amp-  i 
lifier  independent  of  line  fluctuations 
over  the  range  given. 

(3)  The  output  resistance  of  the 
supply  is  a  fraction  of  an  ohm.  I 
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SILVER 


PLATINUM 


PALLADIUM 
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(4)  The  regulator  ceases  to  func¬ 
tion  at  a  line  voltage  of  about  92 
volts,  under  load  of  the  amplifier. 

It  may  be  shown  that  the  output 
voltage  V,  of  the  regulator  of  Fig.  2 
is  very  nearly  given  by 

To  =  Eri  («s  -  Ri*)/Ru  (10) 

where  Et^  is  the  voltage  across  tube 
T-,  and  the  resistors  are  those  shown 
in  Fig.  2. 
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Fig.  10 — Block  diagram  illustrating  that 
the  use  of  a  feedback  amplifier  reduces 
Tariations  in  a  regulated  power  supply 


From  this  equation  we  see  that 
any  variation  in  resistors  ft.  and  ft,, 
or  variations  in  the  reference  vol¬ 
tage  will  appear  directly  in  the  out¬ 
put.  Advance  wire  resistances  have 
been  used  to  minimize  temperature 
drift  effects,  and  a  resistance-ca¬ 
pacitance  filter  ftiiC,  used  to  elimin¬ 
ate  the  reference-tube  noise-vol¬ 
tages.  When  the  regulator  is  fir.st 
put  into  operation  it  is  necessary  to 
adjust  ft,  for  a  minimum  of  output 
hum ;  this  operation  will  seldom  need 
to  be  repeated. 


Interstage  Coupling  Circuit 

Another  important  problem  in  the 
design  of  this  amplifier  is  that  of 
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Fig.  11 — A  possible,  but  not  too  convenient 
solution  of  coupling  two  stages  of  a  d-c 
amplifier,  requiring  a  regulated  supply 


coupling  the  variou.s  stage.s  in  .such 
a  manner  a.s  to  permit  operation 
from  a  single  250-volt  plate  souixe. 
To  get  the  net  overall  gain  required, 
still  maintaining  a  large  feedback 
factor,  it  was  necessary  to  have  a 
gain  without  feedback  of  about  one 
million.  This  required  gain,  to¬ 
gether  with  the  requirement  of  a 
voltage  output  sulficiently  large  to 
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operate  an  oscilloscope,  make  direct 
couplinjr  out  of  the  question. 

One  possible  solution  is  the  use 
of  the  circuit  shown  in  Fijr,  11.  The 
basis  of  this  scheme  is  making  the 
RJt  voltage-drop  approximately 
equal  to  the  platedrop  of  T„  thus  ob¬ 
taining  the  proper  grid-bias  for  To. 
The  transmission  index  of  this  coup¬ 
ling  system  is  R./^Rt  +  R.);  there¬ 
fore  it  is  necessary  to  make  Ri  large 
compared  to  Ri  in  order  to  prevent 
excessive  loss  of  gain.  In  order  to 
make  R.,  large  compared  to  Ri  and  at 
the  same  time  make  the  /2,i,  drop 
ecjual  to  the  voltage  drop  across  T„ 
it  is  necessary  that  the  negative 
voltage  E-i  be  large  compared  to  the 
drop  across  T,.  This  is  generally  in¬ 
convenient,  particularly  as  it  is 
necessary  for  to  be  regulated. 

Mr.  K.  L.  Norton  of  the  Bell  Tele¬ 
phone  Laboratories  pointed  out  to 
the  writer  that  the  resistance  /?, 
could  be  replaced  by  a  cold-cathode 
glow-tube,  but  at  first  glance  it  ap¬ 
peared  doubtful  whether  much  would 
be  gained  since  the  minimum  recom¬ 
mended  current  for  these  tubes  is 
around  one  milliampere.  For  a  mil- 
liampere  of  current  through  /?,.  hav¬ 
ing  a  resistance  of  one-half  megohm, 

would  have  to  be  about  500  volts. 

The  point  which  is  seldom  realized 
is  that  the  cold-cathode  glow-tube 
will  function  as  a  constant-voltage 
device  for  currents  as  small  as  10 
or  20  microamperes.  This  permits 
the  use  of  a  resistor  for  R.  as  large 
as  1  or  2  megohms,  with  an  of 
only  30  or  40  volts. 

As  actually  used  in  this  amplifier 
design  the  coupling  circuit  has  been 
altered  as  shown  in  Fig.  12.  The 
drop  across  R,  is  made  up  in  the 
cathode  circuit  as  is  conventionally 
done  in  resistance-capacitance  cou¬ 
pled  amplifiers.  In  fact,  when  the 
circuit  is  drawn  in  this  form  it  is 
possible  to  view  the  gas  tube  as  a 
blocking  condenser  which  functions 
right  down  to  direct  current.  The 
transmission  index  of  this  circuit  is 
very  nearly  unity,  and  by  a  proper 
alteration  it  may  be  made  to  func¬ 
tion  over  almost  any  desired  fre- 
(piency  band. 
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The  fir.st  and  .second  stages  of  the 
amplifier  (Fig.  1)  are  of  the  cath¬ 
ode-control  type,  and  have  already 
been  di.scussed.  The  selector  switch 
in  the  cathode  of  T,  is  the 
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gain  control.  The  third  stage,  which 
employs  T^,  To,  and  Tu,  is  a  form  of 
direct-coupled  voltage  amplifier.  The 
tube  Tu  ia  used  to  obtain  a  low- 
impedance  40-volt  drop  in  the  cath¬ 
ode  of  Ta',  the  effective  resistance 
between  the  cathode  of  and 
ground  is 

where  g  is  the  transconductance  of 
Ta.  In  this  manner  the  voltage 
across  Ra  can  be  made  40  volts  with 
/?,,  =  400  ohms,  and  using  a  current 
of  only  a  few  milliamperes.  To  get 
a  similar  voltage-drop  using  a  vol¬ 
tage  divider  would  of  course  require 
100  milliamperes  of  current. 

The  output  stage  employing 
and  Tie  is  balanced  in  a  forward- 
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Fiq.  12 — By  replacing  the  resistor.  R,  of  Fig. 
11  by  a  gaseous  discharge  tube,  improeed 
operation  of  the  d-c  amplifier  is  possible 
using  a  single  Toltage  supply 


acting  manner  through  and  Rto 
and  errors  in  resistance  values  and 
differences  in  tube  constants  are  re¬ 
duced  through  the  degeneration 
caused  by  i?,,  and  Ra.  The  resistance 
i?.i«  is  used  to  obtain  the  proper  d-c 
bias  on  Tu.  Using  resistances  with 
±10  percent  tolerance  for  i?,#.  Rag, 
and  Rv>,  and  resistances  with  ±2  per¬ 
cent  tolerance  for  Rm,  R^:,  R,u  and 
Rta  the  output  stage  is  balanced 
w'ithin  2  percent.  The  switch  in  the 
cathode  circuit  of  and  Ti«  is  used 
to  connect  an  external  current  load 
in  either  of  the  two  possible  phases, 
or  to  connect  an  internal  current 
meter  into  the  circuit  for  the  pur¬ 
pose  of  lining  up  the  amplifier. 
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Construction 

Due  care  in  construction  is  abso¬ 
lutely  essential  in  an  amplifier  of 
this  type.  It  should  be  remembered 
that  the  maximum  effective  gain  of 
the  instrument  is  over  100  db,  and 
that  the  output  is  a  function  of  both 
a-c  and  d-c  signals.  Thus  it  is  neces¬ 
sary  to  shield  low-level  leads  ade¬ 
quately,  to  provide  good  ventilation. 
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and  to  use  low-temperature-coeffi¬ 
cient  resistors  at  points  where  small 
variations  in  resistance  values  will 
cause  noticeable*  amplifier  drift. 
There  are  few  points  in  this  circuit 
where  the  tolerance  on  resistance 
values  need  be  less  than  rtlO  per¬ 
cent,  but  there  are  numerous  points 
where  small  variations  in  resistance 
during  operation  of  the  instrument 
will  cause  noticeable  zero  drift.  In 
particular,  it  was  found  necessary 
to  use  Advance-wire  resistances  for 
the  following:  R^,  i?,.,  Ri»,  i?«, 
R^,  Rtt,  Rii,  Ri»,  Rt-,  RtH.  Tubes  T» 
and  Tt  were  mounted  on  sponge- 
rubber  cushions  to  eliminate  micro- 
phonic  effects. 

In  closing,  the  writer  would  like 
to  express  his  sincere  appreciation 
for  the  many  helpful  suggestions 
and  criticisms  given  by  Professor 
Truman  S.  Gray  of  M.I.T.  and  Mr. 
E,  L.  Norton  of  the  Bell  Telephone 
Laboratories,  Inc. 
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Editor’s  Note — This  article  by  Mr.  Miller  is 
an  al*rid);enient  of  a  thesis  submitted  in 
partial  fultilliiient  of  the  requirements  for  the 
decrees  of  Master  of  Science  and  Bachelor  of 
Science  in  the  Electrical  EiiKineerint;  De- 
l>artment  of  the  Massachusetts  Institute  of 
Technology.  We  believe  it  well  illustrates 
the  iM»int  that  a  student  need  not  necessarily 
Is-  engaged  in  industry  to  make  useful  coii- 
tributions  in  his  chosen  tield. 
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New  Radiographic 
Unit  Aids  Industry 


(Continued  from  page  37) 


The  photograph  of  the  x-ray  unit 
in  the  laboratory  shows  a  general 
view  of  the  device  in  the  GE  labor¬ 
atory  as  it  is  used  in  actual  opera¬ 
tion  for  the  examination  of  large 
castings.  By  means  of  the  overhead 
crane,  the  tube  is  placed  in  position 
so  as  to  irradiate  that  section  of  the 
casting  which  is  to  be  examined. 
The  x-ray  film  is  placed  in  contact 
with  the  casting  immediately  below 
the  target  of  the  tube  so  as  to  make 
a  contact  print  of  any  defects  or  ir¬ 
regularities  in  the  composition  of 
the  casting.  If  welds  are  to  be  ex¬ 
amined,  the  film  is  placed  below  the 
weld  so  that  air  pockets  or  other 
imperfections  may  be  detected.  Of 
course  the  x-ray  film  must  be  pro¬ 
tected  from  light  since  it  is  also 
sensitive  to  radiations  in  the  visible 
spectrum,  as  is  practically  all  photo¬ 
graphic  film. 

With  the  film  appropriately  af¬ 
fixed  in  position,  the  technicians  op¬ 
erate  the  unit  by  remote  control 
from  a  lead-lined  operating  room 
which  houses  the  control  equipment. 
The  voltage  and  current  are  grad¬ 
ually  brought  up  to  the  desired 
values  and  are  maintained  until  the 
desired  exposure  has  been  given. 
The  thickness  *and  composition 
(density)  of  the  material  to  be  ex¬ 
amined  determine  the  voltage  and 
current  at  which  the  radiographs 
are  to  be  made  as  well  as  the  time  of 
exposure.  The  accompanying  graph 
will  indicate  suitable  exposure  condi¬ 
tions  as  determined  by  one  user  of 
this  equipment.  The  graph  will  also 
serve  to  indicate  the  relative  place 
of  the  new  x-ray  unit  with  respect 
to  older  and  lower-voltage  radio- 
graphic  units  for  industrial  pur¬ 
poses,  while  for  completeness  some 
measured  and  calculated  values  of 
exposures  with  various  amounts  of 
radium  are  also  indicated.  Not  only 
does  the  newer  unit  make  possible 
the  examination  of  castings  and 
welds  which  are  very  much  beyond 
the  range  of  200  kv  and  400  kv 
units,  but  it  greatly  decreases  the 
time  of  exposure  required,  and  by  so 


F«r  2,200,000,000  "Breaks^ 

Bendix- Scintilla  chooses  Aeralloir 

In  a  Bendix-Scintilla  aircraft  just  as  Wilco  Contact  Alloys 
magneto,  a  pair  of  contact  solve  electrical  problems  so  too, 

points  must  make  and  break  4  do  Wilco  Thermometals  (ther- 
amps  at  180  volts  2,200,000,000  mostatic  bi-metals)  control  tern- 
times — as  a  minimum.  perature  or  give  unfailing  posi- 

A  tough  job?  Certainly.  But  tive  reaction  to  temperature 
Bendix-Scintilla  finds  the  an-  changes.  Write  today  for  the 
swer  in  Wilco  Aeralloy — and  Wilco  Blue  Book. 


The  H.  A. WILSON  CO 


105  CHESTNUT  ST.,  NEWARK,  N.  J, 

Branches;  Chicago  and  Detroit 


Premax  Antennas 

for  Defense  and  Communicafions  Service 


Strong  yet  light-weight  antennas,  fully  adjustable  and 
telescoping,  meet  the  requirements  for  ship-to-shore,  marine, 
mobile,  police  and  other  uses.  They  are  used  by  defensive 
units  wherever  good  two-way  communication  is  essential. 


STEEL 


Send  for  special  Bulletia  No.  R-42  showing  standard 
styles  of  antennas  and  mountings. 


Diviiion  of 

Chitholffl-Ryder  Co.,  Inc. 

4214  Highland  Avonuo 
Niagara  Falls.  New  York 


TAYLORS 

LAMINATED  PLASTICS 

Vulcanized  Fibre  *  Phenol  Fibre 


SHEETS,  RODS,  TUBES,  FABRICATED  PARTS 


TAYLOR  FIBRE  COMPANY 


November  i9/i  —  ELECTRONICS 


T 


try 


y  unit 
:eneral 
labor- 
opera- 
large 
erhead 
osition 
of  the 
mined, 
contact 
below 
3  make 
i  or  ir- 
ion  of 
be  ex- 
ow  the 
other 
ed.  Of 
je  pro- 
is  also 
visible 
photo- 

ely  af- 
ans  op- 
control 
f  room 
ipment. 
e  grad- 
desired 
ntil  the 
given, 
position 
I  be  ex- 
ge  and 
agraphs 
time  of 
r  graph 
e  condi- 
user  of 
vill  also 
re  place 
respect 
radio- 
al  pur- 
3s  some 
dues  of 
•lints  of 
^ot  only 
possible 
gs  and 
beyond 
400  kv 
ises  the 
tid  by  so 


IRON  GORES 


0 
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Manufacturers,  exclusively,  of 

quality  magnetic  cores  for  all 
radio,  electrical  and  high  frequency 
— comply  with  the  most  rigid  Na¬ 
tional  Defense  specifications:  for  high 
"Q".  high  resistance,  and  rust-proofing 
against  extreme  climatic  conditions  of 
temperature,  humidity  and  salt  air  mois¬ 
ture.  Submit  your  R.F.  or  I.F.  coil  prob¬ 
lems  for  our  engineering  collaboration. 
Samples,  quotations,  specifications  sub¬ 
mitted. 

FERROCART  CORP.  OF  AMERICA 

Plant  and  Laboratory 
Hastingi-on-Hudsen,  N.  Y. 

Chicai*:  149  W.  Ohio  St.  Tot:  Whitehall  7620 
Los  Angelas:  1341  S.  Hope  St.  Tel:  Richmond  9121 
“Doing  Our  Bit  to  Keep  ’Em  Flying” 


COILS 


Electrical 


Windings 


COMPETENT  and  experienced  or- 
ganiiafion  devoted  to  the  design  and 
manufacture  of  coil  windings. 

Paper  interlayer  sections — form  wound 
and  bobbin  wound  coils. 

Equipped  for  prompt  production 
on  quantity  or  tmall  orders. 

REPRESENTATIVES 

W.  A.  JORDAN  PARAGON  SALES  CO. 

295  Madison  Ave.,  (C.  H.  Fryburg) 

New  York.  N.  Y.  402  Chorry  St.. 

Phlladolphia.  Pa. 

GILBERT  GISLASON  A.  J.  LOEB  SALES  CO. 


82  St.  Paul  St., 
Roehaetor,  N.  Y. 


1836  Euclid  Ave., 
Clavaland,  Ohio 


MAGNETIC  WINDINGS  COMPANY 

SIxtaanth  and  Butlor  Stroats  EASTON.  PENNA. 


doing  opens  up  a  field  of  application 
for  the  radiographic  examination  of 
industrial  materials. 

The  construction  of  the  new  unit 
is  indicated  in  one  of  the  drawings. 
The  tube,  illustrated  in  another  pho¬ 
tograph,  is  concentrically  mounted 
in  the  resonance  transformer,  whose 
secondary  winding  is  tapped  at  in¬ 
tervals  to  apply  appropriate  voltages 
to  the  sections  of  the  tube  to  limit 
the  voltage  gradients  between  the 
various  sections.  The  transformer 
also  provides  power  to  heat  the  fila¬ 
ment.  The  construction  of  the  radio- 
graphic  unit  can  be  determined  from 
the  sectioned  drawing  and  the  sche¬ 
matic  wiring  diagram,  which  has 
been  somewhat  simplified  to  indicate 
more  clearly  the  function  of  the 
various  parts  of  the  circuit. 

With  the  availability  of  x-ray 
equipment  of  higher  voltage  than 
has  heretofore  been  commercially 
available,  new  avenues  of  industrial 
research  and  increased  use  of  rou¬ 
tine  radiographic  investigations 
are  now  possible,  both  of  which  are 
of  extreme  importance  in  these  days 
of  “all-out”  defense  activities.  Units 
such  as  that  illustrated  are  now  in 
use  by  Babcock  and  VVilcox,  Com¬ 
bustion  Engineering,  Ford  Motor 
Co.,  and  the  General  Electric  Co.  for 
the  inspection  of  castings  up  to  6 
inches  thick,  of  boiler  drums,  pres¬ 
sure  vessels,  and  of  course,  for  weld 
uniformity.  The  American  Steel 
Foundry  Co.  will  shortly  place  one 
in  operation,  and  additional  units  are 
-scheduled  for  operation  in  two  Navy 
yards  and  possibly  also  in  one 
ar.senal. 

Speed  of  operating  the  flexible, 
convenient,  portable  unit,  speed  of 
making  the  individual  exposures  be¬ 
cause  of  the  high  voltage,  and  the 
I  production  of  sharper  images 
i  through  the  use  of  the  focusing 
1  coil  are  all  important  factors  in  ex¬ 
tending  the  possibilities  of  indus¬ 
trial  radiographic  examination.  It 
should  be  pointed  out,  however,  that 
the  design  and  use  of  million  volt 
equipment,  such  as  is  illustrated  here 
has,  by  no  means,  replaced  the  lower 
voltage  100  and  200-kv  units  which 
have  given  excellent  service  in  the 
past.  Such  units  will  continue  to 
play  an  important  part  in  the  future 
for  certain  kinds  of  indu.strial 
radiographic  work;  their  usefulness 
will  be  supplemented,  and  not  sup¬ 
planted,  by  the  million-volt  equip¬ 
ment. — B.D. 


AtR 

VIBRATORS 
"for  DEFENSE!!" 


PROVEN  UNITS 

of  the 

HIGHEST  QUALITY 

Engineered  to  perieclion,  ATR  Vibratore 
•et  high  standards  oi  performance  and 
construction.  Available  tor  any  operat¬ 
ing  input  voltage  from  6  volts  DC  to 
220  volts  DC  in  a  wide  variety  oi  de¬ 
signs  ior  practically  any  application. 


In  addition  to  the  most  complete 
line  oi  vibrators,  ATR  oiiers  a  very 
extensive  line  oi  Inverters  and 
other  Vibrator-Operated  Power  Sup¬ 
plies  ior  changing  one  DC  voltage 
to  another  DC  voltage  or  to  invert 
DC  to  AC. 


ATR  vibralors,  the  heart  of  vibrator- 
operated  power  supplies,  are  proven 
units  of  the  highest  quality,  engineered 
to  perfection.  They  are  backed  by 
more  than  ten  years  of  vibrator  design 
and  research,  development  and  manu¬ 
facturing — ATR  pioneered  in  the 
vibrator  field.  American  Television  & 
Radio  Co.  has  consistently  devoted  its 
efforts  and  energies  to  the  perfection 
and  production  of  vibrators  and  asso¬ 
ciated  equipment,  and  today,  after 
ten  years  of  painstaking,  persistent  and 
diligent  work  resulting  in  steady  de¬ 
velopment  and  progress,  is  considered 
the  World's  leader  in  its  field.  All  ATR 
Products  incorporate  only  the  best 
materials  and  workmanship  and  are 
carefully  manufactured  under  rigid 
engineering  inspections  and  tests, 
making  them  the  finest  that  can  be 
built. 


For  Additional  Information 
Address  ATR  Vibrator  Division  of 

AMERICAN  TELEVISION  &  RADIO  CO. 

ST.  PAUL.  MINN.,  U.S.A. 
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THE  INDUSTRY  IN  REVIEW 


Heintz  &  Kaufman  announce  the  -f  Dr.  H.  A.  Jones  has  been  named 
sale  of  their  compressed  gas  condenser  manager  of  sales  of  General  Electric 
business  to  the  Lapp  Insulator  Com-  electronic  tubes  for  non-radio  applica- 
pany,  LeRoy,  N.  Y.  This  transaction  tion  in  industry,  according  to  an  an- 
involved  the  transfer  of  all  tools,  dies,  nouncement  by  Dr.  W.  R.  G.  Baker, 
patterns,  designs,  and  stock  of  parts,  manager  of  the  radio  and  television  de- 
Due  to  the  pressure  of  national  de-  partment.  The  GE  industrial  tube  di- 
fense,  all  communications  regarding  vision  has  been  transferred  from  the 
H.  &  K.  condensers  should  be  directed  special  products  section  of  the  indus- 
to  Lapp.  Heintz  &  Kaufman  is  devot-  trial  department  to  the  radio  and  tele- 
ing  its  entire  energy  to  the  manufac-  vision  department.  Dr.  Jones,  a  native 
ture  of  transmitting  tubes  .  .  .  J.  S.  of  Conshohocken,  Pa.  was  graduated 
Knowlson,  president  and  chairman  of  from  Pennsylvania  State  College  in 
the  board  of  Stewart-Warner  Corp.  1918  with  a  Bachelor  of  Science  degree, 
and  since  June  1940,  president  of  and  from  Princeton  in  1922  with  a 
RMA,  was  recently  named  0PM  Doctor  of  Philosophy  degree.  He  joined 
deputy  director  of  priorities  and  chief  the  General  Electric  Company,  Sche- 
aide  to  Donald  M.  Nelson  director  of  nectady  Works,  in  April  1922  as  a 
priorities  .  .  .  The  board  of  directors  chemist  in  the  research  laboratories 
of  the  Radio  Manufacturers  Associa-  and  in  1928  was  transferred  to  the 
tion  elected  Paul  C.  Galvin  president  commercial  general  section,  selling 
of  their  Association  on  October  15  to  special  products  developed  in  GE  lab- 
assume  the  position  vacated  by  James  oratories  for  use  throughout  the  in- 
S.  Knowlson,  who  recently  resigned  to  dustry.  The  following  year  Dr.  Jones 
take  on  0PM  activities.  Mr.  Galvin,  was  named  manager  of  the  special 
president  of  Motorola  Radio,  was  for-  products  section  which  in  1930  was 
merly  vice  president  of  the  RMA  and  made  part  of  the  industrial  depart¬ 
is  present  chairman  of  the  Associa-  ment.  Dr.  Jones  assumed  his  new 
tion’s  Set  Division  and  also  chairman  duties  on  October  1.  The  Keystone  Car- 
of  the  Association’s  Priorities  Com-  bon  Company  has  just  completed  a 
mittee.  Mr.  Galvin  will  continue  to  large  addition  to  its  factory  in  St. 
direct  the  affairs  of  his  company,  the  Marys,  Pa.  .  .  .  According  to  an  an- 
Galvin  Manufacturing  Corp.,  Chicago  nouncement  from  the  British  Broad- 
.  .  .  Television  played  a  part  in  casting  Corporation,  Mr.  Lind.say  Well¬ 

broadcasting  a  fire  prevention  week  ington  has  been  appointed  North  Anier- 
film  for  the  first  time  when  the  Na-  man  Director,  with  headquarters  at 
tional  Broadcasting  Company  went  620  Fifth  Avenue,  New  York.  Mr. 
with  mobile  units  to  Newark  on  Oct-  Wellington,  one  of  the  senior  officials 
ober  10  to  put  on  the  air  a  demonstra-  m  the  broadcasting  organization  in 
tion  of  modern  methods  of  fire  fighting.  Great  Britain,  has  already  arrived  in 
The  demonstration,  sponsored  by  the  ^bis  country  to  take  up  his  duties  among 
Newark  Safety  Council  as  part  of  its  which  will  be  the  maintenance  of  the 
fire  prevention  week  activities  was  BBC’s  relations  with  the  Canadian 
held  on  the  proving  grounds  of  the  Broadcasting  Corporation.  .  .  .  Wil- 
Pyrene  Manufacturing  Company  and  Ham  Kostka,  publicity  director  of  the 
the  CO,  Fire  Equipment  Company.  National  Broadcasting  Company,  has 

resigned  effective  September  26  to  ac¬ 
cept  a  position  with  the  Institute  of 
George  W.  Bailev,  president  of  the  Public  Relations. 

American  Radio  Relay  League,  has 
been  appointed  to  the  defense  communi¬ 
cations  board  committee  XII  on  liaison  4^,.  Earj  Dietrich  has  resigned  his 
matters  for  civilian  defense  .  .  .  The 
radio  division  of  Stevens  College,  Co¬ 
lumbia,  Mo.  will  tune  in  on  national 
defense  this  year  with  programs 
plannned  to  make  definite  contributions 
to  various  phases  of  the  government’s 
emergency  program,  president  James 
Madison  Wood  announced  at  the  open¬ 
ing  of  the  institution’s  108th  year. 

.  .  .  Lawrence  Freed  of  the  Freed 
Transformer  Company,  72  Spring 
Street.  New  York  City,  has  recently 
announced  the  appointment  of  Mr. 

Stanley  K.  Wallace  of  Lutz,  Fla.  as 
representative  in  the  States  of  Georgia, 

Florida  and  Alabama. 


News. 


Metallic  selenium  of  the  absolute 
purity  which  is  required  in  electric 
current  rectifiers  is  now  being  refined 
in  the  United  States  in  commercial 
quantities  to  meet  the  requirements  of 
the  International  Telephone  &  Radio 
Manufacturing  Corp,  for  the  manu¬ 
facture  of  IT&T  selenium  rectifiers. 
George  Lewis,  vice  president  of  the  In¬ 
ternational  Telephone  &  Radio  Manu¬ 
facturing  Corp.,  estimates  that  the  re¬ 
quirements  of  ultra-refined  selenium 
may  be  10,000  pounds  monthly  next 
year  compared  with  only  1,500  pounds 
monthly  at  present.  Selenium  is 
found  chiefly  in  copper  ore  and  years 
ago  it  was  tossed  on  the  slag  pile.  In¬ 
asmuch  as  the  United  States  and 
Canada  together  normally  produce 
more  copper  than  the  rest  of  the  world 
combined,  Mr.  Lewis  says  that  selen¬ 
ium  is  one  metal  of  which  a  shortage 
seems  unlikely  in  spite  of  its  rapidly 
growing  importance  in  the  electrical 
industry. 


•f  Dr.  Jesse  E.  Hobson,  who  was  named 
America’s  outstanding  young  electrical 
engineer  for  1940,  was  recently  named 
director  of  the  electrical  engineering 
department  of  the  Illinois  Institute  of 
Technology  at  Chicago.  Dr.  Hobson,  is 
only  30  years  of  age  and  has  been 
in  charge  of  application  engineering  on 
electric  power  equipment  for  the  West- 
inghouse  Electric  &  Manufacturing 
Company  in  the  northwestern  district. 
He  has  taught  at  the  California  In¬ 
stitute  of  Technology,  Earlham  College 
and  Armour  Institute  of  Technology. 
.  .  .  Further  indications  of  the  f-m 
audience  came  to  light  with  the  cal¬ 
culation  of  figures  from  manufacturers 
of  f-m  receivers,  covering  their  actual 
sales  of  sets  during  August.  The  sur¬ 
vey,  conducted  by  FM  Broadcasters, 
Inc.  reports  a  national  total  increase  of 
47.6  percent  during  August. 


■f  The  Amplifier  Company  of  America, 
New  York,  has  recently  increased  its 
factory  space  at  17  West  20th  Street. 
The  enlarged  facilities  for  manufactur¬ 
ing  transformers,  electronic  equipment 
and  similar  devices  was  made  neces¬ 
sary  as  the  result  of  increased  require¬ 
ments  in  industry  as  well  as  for  na¬ 
tional  defense  program.  ...  To  sup¬ 
ply  a  new  present-day  business  need 
and  one  which  will  be  increasingly  im¬ 
portant  in  the  post-war  world.  Tele¬ 
cast  Productions,  Inc.,  has  recently  been 
organized  at  30  Rockefeller  Plaza,  New 
York,  according  to  Myron  Zobel,  its 
president.  Telecast  Productions  is  de¬ 
signed  to  render  a  personal  service  to 
agencies  and  advertisers  by  producing 
“packaged”  television  programs  for 
commercial  sponsors. 


■f  The  Recoton  Corporation  have  re¬ 
cently  moved  to  newer  and  larger  quar¬ 
ters  at  21-10  49th  Avenue,  Long  Island 
City,  N.  Y.  .  .  .  The  Southeastern  Dis¬ 
trict  meeting  of  the  American  Institute 
of  Electrical  Engineers  will  be  held  on 
December  3,  4  and  5  at  the  St.  Charles 
Hotel,  in  New  Orleans,  where  the  Louis¬ 
iana  Engineering  Society  maintains  its 
■f  I.  J.  Fox,  a  fur  organization,  has  club  rooms  and  library.  James  M.  Todd, 

signed  up  with  WOR  to  broadcast  a  general  chairman,  is  arranging  the  tech- 

concert  of  recorded  light  classics  “Un-  nical  program  and  visits  to  the  various 
broken  Melodies”  on  station  W71NY.  industrial  plants  in  that  area. 
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Literature _ 

Plastic  Molding.  An  article  on  plastic 
molding  is  the  lead  in  the  August,  1941 
issue  of  Wheelco  Comments.  This  is 
a  new  bulletin  published  by  the  Wheel¬ 
co  Instrument  Company,  Wheelco 
Building,  Harrison  &  Peoria  Streets, 
Chicago,  Ill.  Announced  in  this  issue 
of  Wheelco  Comments  is  a  data  book 
and  catalog  on  items  of  interest  to 
users  of  thermocouples. 

Temperature  Control.  A  32-page  book 
and  catalog  on  tVheelco  instruments, 
published  by  the  Wheelco  Instrument 
Company,  Harrison  &  Peoria  Streets, 
Chicago,  Ill.  contains  a  listing  of  the 
various  types  of  Wheelco  instruments 
which  are  available  on  order.  This 
condensed  catalog  describes  tempera¬ 
ture  control  units,  portable  potentio¬ 
meters,  recording  thermometers,  ther¬ 
mocouples,  and  similar  equipment  for 
the  measurement  of  high  temperatures. 

Loudspeakers.  Several  bulletins  have 
recently  been  issued  by  the  Jensen 
Radio  Manufacturing  Company,  6601 
South  Laramie  Avenue,  Chicago,  Ill. 
All  of  these  describe  the  new  Jensen 
Hypex  loudspeakers  which  were  de¬ 
scribed  in  the  July  issue  of  Elec¬ 
tronics.  One  of  the  bulletins  which  is 
available  is  a  reprint  of  that  article. 
A  condensed  catalog  of  various  types 
of  Jensen  loudspeakers  is  also  avail¬ 
able. 

Glycerin  Facts.  Issued  by  the  Glycerin 
Producers  Association,  Glycerin  Facts 
is  a  mimeographed  folder  edited  by 
George  E.  Leffingwell,  11  West  42nd 
Street,  New  York  and  describes  a  num¬ 
ber  of  interesting  uses  of  glycerin.  In 
the  September  issue  is  a  report  on  the 
new  sulfonamide  glycerin  preparation 
for  burns,  a  review  of  diversified  low 
temperature  uses  of  glycerin,  and  a 
variety  of  other  items  of  practical 
value  in  and  about  industrial  plants 
and  office  buildings. 

Flexible  Lacquer,  A  booklet  entitled 
‘‘The  Blue  Knight”  w’hich  is  an  effort 
to  provide  entertainment  and  facts 
about  finishes  is  published  by  the 
Roxalin  Flexible  Lacquer  Company, 
Elizabeth,  N.  J.  The  September  issue 
contains  one  of  a  series  of  articles 
written  to  give  users  of  government 
specification  materials  a  more  complete 
understanding  of  the  general  physical 
properties  of  such  lacquers. 

.Machine  Tools.  A  bulletin  entitled 
“Machine  Tools”  published  by  the  Na¬ 
tional  Machine  Tool  Builders  Associa¬ 
tion  of  Cleveland,  Ohio  contains  a  num¬ 
ber  of  articles  on  defense  problems  in 
its  September  issue.  Among  the  ar¬ 
ticles  may  be  mentioned  those  entitled 
300,000  New  Machine  Tools  for  De¬ 
fense,  Machining  Shells  by  the  Mil¬ 
lion,  and  Tools  and  Skill  Build  Top 
of  Defense.  The  magazine  is  devoted 
to  the  industry’s  part  in  the  national 
defense  program. 
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^Ue.  Modd  75 


Our  new  model  75  U.H.F.  Standard  Signal  Generator 
extends  the  range  of  accurate  receiver  measurements  up 
to  400  megacycles. 

MEASUREMENTS  ^^CORPORATION 

— ^ — (t) - 

BOONTON  '  kICVA/  ICBCCV 


AT  YOUR  SERVICE 
cooperation  of  our  floxiUt 
shaft  experts  for  working 
out  actual  applicationt. 
Sand  details. 


NEW  JERSEY 


S.S.  WHITE  I 

'^FLEXIBLE  shafts! 

t  for  INSTRUMENT  DRIVES 

For  driving  indicating  and  recording  instruments  S.  S.  WHITE 
Flexible  Shafts  of  the  Power  Drive  type  are  ideally  suited. 
They  permit  placing  the  instrument  where  it  can  be  readily  seen 
and  read,  regardless  of  the  location  of  the  point  from  which  the 
drive  originates.  And  they  do  this  with  a  single,  self-contained, 
easily  applied  unit.  The  record  of  S.  S.  WHITE  shafts  in  driving 
automobile  speedometers  and  airplane  tachometers  Is  ample 
proof  of  their  dependability  in  instrument  driving  service. 

A  TYPICAL  EXAMPLE 

The  tachometer  in  the  illustration  at 
the  right,  driven  by  an  S.  S.  WHITE 
Power  Drive  type  Flexible  Shaft,  records 
production  on  a  high  speed  newspaper 
press  turning  out  40,000  papers  per  hour. 

Other  applications  include  counting 
and  measuring  instruments  with  dials 
calibrated  to  translate  r.p.m.  into  de¬ 
sired  units  of  speed,  length  or  quantity. 

Details  in  Bulletins  38  and  1238 
Copies  mailed  on  request. 


S.  S.  WHITE 

The  S.  S.  White  Dental  Mig.  Co. 

—INDUSTRIAL  DIVISION— 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 


KLECTRONICS  —  November  1941 


113 


Test  Equipment.  A  new  16-page  cata¬ 
log  is  available  from  the  Precision  Ap¬ 
paratus  Company,  647  Kent  Avenue, 
Brooklyn,  N.  Y.  This  catalog  de¬ 
scribes  radio,  television,  electrical,  in¬ 
dustrial,  and  laboratory  test  and 
measuring  equipment  which  will  be  of 
interest  to  the  engineer  as  well  as  to 
the  serviceman.  Instruments  de¬ 
scribed  include  voltmeters,  oscillators, 
tube  test  devices,  voltmeters,  ammeters 
and  similar  units. 


aviatiokiam^b  marine  radio 


w'2 

/.  F.  TRANSFOUMEKS 
v/t"  so.  jr  2"  HIGH 


Transformer  Replacement.  The  Thor- 
darson  Electric  Manufacturing  Com¬ 
pany,  500  West  Huron  Street,  Chicago, 
has  recently  issued  a  new  book  of  trans¬ 
former  replacements  for  more  than 
400  receivers.  This  data  is  given  in 
Thordarson’s  new  edition  of  the  Re¬ 
placement  Encyclopedia,  No.  352-F.  A 
special  feature  of  the  encyclopedia  is 
the  addition  of  electrical  and  physical 
characteristics  of  recommended  re¬ 
placement  types  listed  in  the  book. 


No.  320  R.  F.  COILS  V/t"  SQ.  ,  2"  HIGH 


BROADCAST  BAND  COILS 
LONG  WAVE  BAND  COILS  (AIRCRAFT) 
SHORT  WAVE  COILS  (MARINE  &  AIRCRAFT) 
PERMEABILITY  TUNED  TRANSFORMERS 
FIXED-TUNED  PLUG-IN  COILS 


Precision  Bearings.  Radial,  pivot  and 
special  bearings  in  miniature  precision 
sizes  are  described  in  catalog  No.  41  of 
Miniature  Precision  Bearings,  Keene, 
N.  H.  The  bearings  described  are  of¬ 
fered  primarily  for  use  in  fine  mechan¬ 
isms  and  precision  instruments  whose 
prices  must  necessarily  conform  to  a 
predominant  consideration  of  accuracy 
and  quality  throughout.  Examples  of 
the  use  of  these  bearings  occur  in  mo¬ 
tion  picture  mechanisms,  laboratory 
test  equipment,  for  engines,  ordnance 
and  the  like,  motors,  generators,  radio 
equipment,  recording  equipment  and 
so  on.  Special  bearings  suitable  for 
uses  in  watches  have  been  designed. 


No.  761  R.F.  COILS 
V/t'DIA.,  2'/t"  HIGH 


Welding  Equipment.  A  technical  and 
reference  bulletin.  No.  F-41,  covering 
the  complete  line  of  the  resistance 
welder  heat  control,  synchronizers  and 
synchronous  timings,  as  well  as  its  line 
of  power  and  control  units  for  welding 
equipment  and  machinery  has  been 
issued  by  the  W’^eltronic  Corp.,  3080 
East  Outer  Drive,  Detroit.  In  addition 
to  descriptions  of  the  individual  units, 
the  bulletin  also  contains  general  tech¬ 
nical  material  dealing  with  the  appli¬ 
cation  of  welding  control.  Described 
in  Weltronic  bulletins  are  several  new' 
resistance  welding  control  develop¬ 
ments  including  an  automatic  prese- 
lective  heat  rise  control  as  well  as  a 
control  providing  automatic  regulation 
for  heat  electrodes  on  multiple  elec¬ 
trode  welding  machines. 


NO  MOVING  PARTS 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 


Neoprene.  The  Neoprene  Notebook,  31, 
issued  for  September  and  October  1941 
contains  a  number  of  articles  illustrat¬ 
ing  the  uses  of  Neoprene  in  industrial 
applications. 


Precision  Equipment.  High  quality 
precision  signal  generators  and  as¬ 
sociated  apparatus  are  covered  in  the 
general  catalogue  of  the  Ferris  Instru¬ 
ment  Corporation,  Boonton,  N.  J. 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 
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Tested  to  10  million 
operations  without  o 
breakdown,  this  unit  is 
listed  under  the  R«>-exam- 
inotion  Service  of  the 
Underwriters'  Laborator¬ 
ies,  Inc.  Write  for  tech¬ 
nical  information.  Ask  for 
bulletin  B;  no  obligation. 


H-B  ELECTRIC  CO.,  Inc. 


Electrical.  Ocvicci 


2500  NO.  BROAD  ST..  PHILADELPHIA,  PA. 


•  To  Serve  Well  the 
Professional  Radioman 


REPUTATION 

for 

RESULTS 


The  reeordN  of  hundreilH  of  ('RKI  8tudentN 
throuichoiit  the  eommerelHl  and  manufae- 
tiirliiK  fleldH.  who  today  hold  iMmitioiiH  of 
lni|N»rtaiiee.  are  priMtf  of  the  IiIkIi  HtaiidardK 
and  thorouKhiieHN  of  CKKI  teehnieal  tralii- 
ioK  ill  Tract  teal  Radio  KnicineeriiiK. 

The  succesH  of  an  educational  Institution  is 
not  marked  by  dotlars  and  cents  .  .  .  but  by 
the  achievements  and  results  enjoyed  by  its 
Htuden  ts. 

The  remarkable  achievements  made  by  CRKI 
men  in  every  branch  of  radio  are  convincing 
ipstimony  that  our  efforts,  proi>erly  confined 
to  this  one  imuortant  course  In  Practical  Radio 
l■'nKineerinK.  have  been  of  real  value  to  radio 
in  the  traininK  of  better  enuineers.  The  fact 
tliat  more  than  5000  professional  radiomen  are 
enrolled  for  CRKI  traininK  to  increase  their 
ability  proves  the  point. 

.\lert  chief  enKineers  are  nuick  to  recoRnize 
the  value  of  CRKI  technical  traininK  and  the 
im(>urtant  part  it  plays  In  IncreasliiK  the  effi¬ 
ciency  of  their  own  personnel.  CRKl-trained 
men  are  the  ones  to  whom  added  responsibili¬ 
ties  and  added  technical  duties  can  be  rele- 
Kated. 

We.  at  CKKI.  are  proud  to  add  our  contrihii- 
tioii  to  the  radio  industry  by  traininK  men  who 
are  equipped  to  fulfill  your  demands.  The  rec- 
oiniiiendation  of  our  home  study  courses  to 
.tour  asstH'iates  is  a  step  in  the  riKht  direction 
for  them  and  for  you.  May  we  send  you  our 
iiiterestiiiK  booklet  anil  pertinent  facts? 

“Since  1917“ 

CAPITOL  RADIO 

KNGINEERING  INSTITUTE 

E.  H.  Rietzke,  President 

Dept.  E-11,  3224  I6th  St.,  N.W. 
Washiiif'ton,  D.  C. 


.Motors.  The  September  1941  issue  of 
the  Bodinc  Motorgram  published  by  the 
Bodine  Electric  Company,  Chicago  con¬ 
tains  an  article  on  the  use  of  motors  in 
controlling  traffic  and  a  semi-technical 
story  on  reversing  fractional  horse¬ 
power  motors. 

Mycalex.  A  12-page  booklet  entitled 
“Mycalex”  is  available  from  the  Gen¬ 
eral  Electric  Company.  This  booklet 
describes  the  general  characteristics 
of  Mycalex,  its  important  properties, 
methods  of  molding  Mycalex,  the  var¬ 
ious  commercial  grades  of  this  type  of 
insulation  which  are  available,  and 
gives  a  complete  full  page  table  of  the 
comparisons  of  Mycalex,  porcelain, 
quartz  and  molded  compounds. 

Another  booklet  which  is  very  well 
illustrated  with  a  number  of  colored 
prints  is  entitled  “One  Plastic  Avenue” 
and  describes  some  of  the  uses  of 
the  various  types  of  plastics  made  by 
the  General  Electric  Company.  Some 
of  the  best  methods  of  using  plastic 
as  well  as  operations  involved  in 
fabrication  are  also  outlined. 

Carboluy  .Manual.  A  working  manual 
covering  the  design  of  carbide  tools,  ' 
brazing,  grinding,  application,  tool  con-  I 
trol,  lubrication  and  so  on  has  been  I 
brought  out  by  the  Carboloy  Company, 
Detroit.  The  primary  purpose  of  the  | 
manual  (ET-133)  is  to  assist  defense 
industries.  To  speed  instruction  of  new 
operators,  to  facilitate  defense  de¬ 
signs,  brazing,  heat  and  maintenance 
of  carbide  tools  by  new  organizations 
is  the  purpose  for  which  the  manual 
has  been  prepared.  For  small  manu¬ 
facturers  desirous  of  producing  their 
own  tools  the  manual  provides  complete 
instructions  on  parts  brazing  tech¬ 
nique,  materials  and  equipment.  There 
are  complete  charts  of  recommended 
speeds,  feeds,  tool  angles  and  depths 
of  cuts  for  various  material  both  fer¬ 
rous  and  non-ferrous.  In  addition  to  a 
valuable  list  of  new  “do’s  and  don’ts” 
for  carbide  tools,  there  are  provided 
sketches  of  handling  equipment  found 
valuable  in  preventing  accidental  dam¬ 
age  to  tools. 

Non-Ferrous  Metals.  A  number  of  in¬ 
teresting  items  mainly  directed  to  the 
problems  of  national  defen.se  are  con¬ 
tained  in  the  October  1941  issue  of  a 
new  bulletin,  Ajax  Metelectric  Prog¬ 
ress  with  e<litorial  offices  at  46  Rich-  \ 
mond  Street,  Philadelphia,  Pa.  .A.  con-  i 
siderable  amount  of  space  of  the  first 
issue  is  devoted  to  the  use  of  metals  in  ! 
submarines  and  the  various  methods  j 
of  saving  metal  and  properly  heat- 
treating  it. 

Tubing.  Precision  Tools  Company. 
3824  Terrace  Street,  Philadelphia  have 
announced  the  issuance  of  a  new  cata¬ 
log  covering  precision  metal  shielded 
wire  by  their  new  process  in  protecting 
insulating  wires  inclo.sed  in  either 
.seamless  aluminum,  copper  or  lead 
tubing,  tinned  or  untinned. 
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For  effkienty, 
quality,  coverage 


^  DuMont  Type  213-A  Cathode-Ray  Mod¬ 
ulation  Monitor  is  a  "must"  piece  of 
equipment  in  safeguarding  today's  high 
broadcasting  standards.  Permits  moni¬ 
toring  and  study  of  radio-frequency 
transmissions,  while  eliminating  neces¬ 
sity  for  connecting  deflection  plates  of 
cathode  ray  tube  to  bulky  externally- 
provided  tuned  circuits.  In  other  words, 
it  is  entirely  self-contained  with  its  own 
resonant  circuit  tuned  to  transmitter 
frequency  and  coupled  by  means  of 
low-impedance  link  to  source  of  modu¬ 
lated  radio  frequency. 


Modulated  envelope  or  trapezoidal 
modulation  patterns.  Tuned  circuit  fre¬ 
quency  range  of  from  400  kc  to  be¬ 
yond  40  me  per  second.  Horizontal  de¬ 
flection  effected  either  by  externally- 
provided  linear  sweep  circuit  for  modu¬ 
lated  envelope  type  of  study,  or  by 
audio-frequency  voltage  taken  from 
transmitter  modulator  circuit. 


This  instrument  is  typical  of  DuMont 
cathode-ray  oscillographs  available  for 
any  laboratory,  production,  station  or 
field  requirements. 


•  Wrife  for  Literature 


ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  ★  Naw  Jersey 


v-H; 


JAMES  G.  BIDDLE  CO. 

electrical  Instruments 
1211-13  Arch  Street  Philadelphia,  Pc», 


Decimal  Equivalents.  The  new  giant 
Post  decimal  equivalent  wall  chart  is 
ready  for  distribution  for  those  who 
ask  for  it  on  their  business  letterhead. 
This  Post  chart  is  29  in.  by  39  in.,  is 
printed  in  large  heavy  type  IJ  in.  high 
which  can  be  easily  read  several  feet 
away.  It  is  printed  in  two  colors,  red 
and  black,  on  a  white  background  mak¬ 
ing  it  attractive  and,  more  important, 
the  color  separation  adds  to  reada¬ 
bility.  This  chart  giving  all  the  equiva¬ 
lents  from  ^4  to  if  within  easy  read¬ 
ing  of  your  eye,  should  be  of  interest 
to  draftsmen,  designers  and  engineers. 
A  copy  may  be  obtained  without  obli¬ 
gation  from  the  Frederick  Post  Com¬ 
pany,  3650  North  Avondale  Avenue, 
Chicago. 


a  really  high-powered 


A  BALLAST  TUBE  FOR  AUTOMATIC 
REGULATION  OF  CURRENT  AND 
VOLTAGE  •  * 


CURRENT  CAPACITY  — .OSO  to  lOAMPS. 
INEXPENSIVE.  SIMPLE.  COMPACT. 


Constant  Voltage.  An  unusually  well 
prepared  24-page  textbook  and  catalog 
on  constant  voltage  transformers  has 
been  prepared  by  the  Sola  Electric 
Company,  2525  Clybourne  Avenue, 
Chicago.  A  particularly  attractive 
feature  of  this  catalog,  especially  for 
the  engineer  or  designer,  is  the  fact 
that  a  considerable  portion  of  it  is 
devoted  to  the  principle  of  operation 
and  the  characteristics  of  the  constant 
voltage  transformers.  Transformers 
having  a  capacity  of  from  30  volt  am¬ 
peres  up  to  10  kva  or  single  phase  60- 
cps  lines  are  listed.  Constant  voltage 
transformers  for  illumination  applica¬ 
tions  are  also  shown. 


Th*  Library  comprisas 
a  salaction  of  books 
cullad  from  loading 
McGraw-Hill  publica¬ 
tions  in  fho  radio 
fiold. 


A  DELAY  RELAY  AS  LOW  AS  2S<  • 


DELAYS  AVAILABLE  UP  TO  M 
SECONDS  •  HERMETICALLY 
SEALED  •  SIMPLE.  COMPACT. 


•spocially  salMtod  by  radio  spoclalists  of 
McGraw-Hill  publications 


to  pivo  most  complete,  dependable  cov- 
erape  of  tacts  needed  by  all  whose  Reids 
are  prounded  on  radio  fundamentals 

available  at  a  special  price  and  terms 


Mokinp 
Reguietors 
Since  1922 


PROMPT  DELIVERIES 
Send  Us  Your  Problems 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — give  specialized  treatments  of  all 
flelds  of  practical  design  and  application.  They 
are  books  of  recognized  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  in  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 


Switches.  Publication  No.  4109,  is¬ 
sued  by  the  Delta-Star  Electric  Com¬ 
pany,  Chicago,  describes  and  lists  high 
pressure  contact  MK-39  switches  for 
pole  top  and  substation  mounting.  It 
contains  catalog  numbers  and  dimen¬ 
sions  for  group  operated  switches  from 
7.5  to  161  kv  and  ampere  capacity  up 
to  1,200. 


5  volumes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 

Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 

Hund’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 


LUBRICATED 

SLIDING 

CONTACT 


Acoustic  Products.  A  folder  is  avail¬ 
able  from  the  Dilks  Acoustic  Products 
Company,  South  Norwalk,  Conn,  de¬ 
scribing  their  fluid  flow  speaker  using 
a  small  pneumatic  amplifier  and  suit¬ 
able  horn  and  amplifying  equipment. 
While  the  exact  principle  of  operation 
of  the  fluid  flow  system  is  not  described 
in  detail,  it  may  be  inferred  from  the 
folder  that  air  pressure  is  provided 
to  a  suitable  loudspeaking  horn  and 
that  an  air  jet  or  valve,  operated  by 
a  suitable  amplifier  modulates  the 
sound  issuing  from  the  horn.  Power 
output  up  to  500  acoustic  watts  and 
ample  power  to  cover  large  areas  are 
available,  while  the  unit  can  be  regu¬ 
lated  to  any  power  level. 


SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  install¬ 
ments  beginning  with  $3.00  in  10  days  after 
receipt  of  books,  and  $3.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 


JAGABI 


FOR  10  DAYS  EXAMINATION  SEND  THIS 
•  ■....s.sON.APPROVAL  C0UP0K-----1. 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  N.  Y. 

Send  me  Radio  EngineerinK  Library  for  10  days' 
examination  on  approval.  In  10  days  I  will  .send 
$3.00  plus  few  cents  po.stage.  and  $3.00  monthly  till 
$24  is  paid,  or  return  books  postpaid.  (We  pay 
postage  on  orders  accompanied  by  remittance  of 
first  installment.) 


RHEOSTATS 


have  a  grophited  carbon  lubricator  associated 
with  the  contact  brtishes.  Eliminates  scratch¬ 
ing  and  abrasion— gives  smoother  operation 
and  a  better  contact.  Mokes  Jagobi  Rheostats 
better  rheostats. 

Write  for  Bulletin  tS20-E 


Power  Factor  Determination.  A  chart 
(GES-2765)  for  determining  power 
factors  from  line  current  has  recently 
been  made  available  by  the  General 
Electric  Company  of  Schenectady, 
N.  Y.  This  chart  is  in  the  form  of  a 
nomograph  in  which  power  factor  de¬ 
termination  can  be  made  by  means  of 
a  straight  edge. 


Name 


.\ddress 


City  and  State 


Position 


Company  . L.  11-41 

(Books  sent  on  approval  in  l'..S.  and  Cana>la  only. I 
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ELECTROMCS 


WILBUR  B.  DRIVER  CO 

NEWARK,  NEW  JERSEY 


New  Products. 


BABlQl  cqmmun!C^!Q!^*  elecbicJQ^^  ' 

There  is  a  PRECISION  INDUSTRIAL  CIRCUIT  TESTER 
to  meet  your  INDIVIDUAL  SENSITIVITY  REQUIREMENTS 


Marker 

An  accurate  machine  for  numbering 
and  lettering  name  plates,  parts,  in¬ 
struments,  castings,  gages  and  scales 
has  led  to  the  development  of  a  new 
marker  manufactured  by  the  Acromark 
Corporation,  251  North  Broad  Street, 
Elizabeth,  N.  J,  It  produces  results 
more  quickly  than  with  the  usual  hand 
stamping  and  accurately  lines  up  the 
selected  numerals.  It  is  claimed  that  un¬ 
skilled  help  can  operate  after  a  few 
hours  practice  from  the  simple  instruc¬ 
tions  furnished  with  the  machine.  The 
Acromark  Corporation  has  in  stock 
dies  in  sizes  tW  inch,  A  inch,  i  inch,  A 
inch,  and  A  inch,  from  which  orders 
can  be  filled  immediately. 


Ranges  to  6000  Volts  — 60  Amps  — 10,  20  or  60  Megs 
1000.  5000  or  20,000  ohms  per  vo 

— , - ★  SELECT  THE  AC-DC 

a  VOLT-OHM-DECIBEL-MILLIAMMETER  ,  I 
H  BEST  SUITED  TO  YOUR  NEEDS  j  .  I 

®  ADD  THE  SERIES  I  ★ - [— ►  I'  ■■{ 

_  ■  MULTI-RANGE  A.C.  AMMETER  MU 


*  Sums  M4  (Ulustiated  abova) 

1000  oiuns/volt  AC  and  DC 

*  Svies  MS  5000  ohms/Yoll  DC 

Plus  1000  ohms  volt  AC  and  DC 

*  Series  ISC  20.000  ohms/voll  DC 

Plus  1000  ohms/Tolt  AC  and  DC 


*  Series  J  (illustrated  above).  Eight 
AC  ammeter  ranges.  300  MA  hill  scale 
to  60  AMPS.  Available  individually  or 
as  companion  unit  to  Series  844.  84S 


Aircraft  Radio  Equipment 

A  COMPLETE  COMMUNICATION  SYSTEM 
for  aircraft  developed  by  Lear  Avia, 
Inc.,  Dayton,  Ohio  shows  all  evidences 
of  reducing  the  weight  to  a  minimum. 
The  unit  consists  of  a  type  T-36-AV 
transmitter,  type  RCBB  receiver,  loop 
antenna,  and  power  supply.  The  trans¬ 
mitter  has  a  frequency  range  of  from 
2900  to  6500  kc  with  two  frequency 
crystal  controls.  Power  output  is  be¬ 
tween  20  and  30  watts.  The  frequency 
stability  is  plus  or  minus  5  cps  per  Me 
per  degree  centigrade  and  frequency 
tolerance  is  plus  or  minus  0.01  percent. 
The  complete  antenna  with  cables  and 
remote  control  unit  weighs  in  the  neigh¬ 
borhood  of  20  pounds. 

The  type  RCBB  receiver  has  a  fre¬ 
quency  coverage  of  from  180  to  405  kc, 
500  to  1200  kc  and  2800  to  6700  kc  in 
three  bands,  although  special  fre¬ 
quency  arrangements  are  available  to 
order.  An  output  of  50  milliwatts  is 
obtained  with  two  microvolts  per  meter 
on  the  antenna  or  40  microvolts  per 
meter  on  the  loop. 


^  Stries  M4-J  Combination  AC-DC  Industrial  Circuit  Tostor  (center  illustration).  Complete  with  ohmmeter  batteries 
and  high  voltage  test  leads.  Furnished  in  walnut  Hnisbed  hardwood  portable  cose,  size  11  x  IS  x  6" _ S4I.SS 

A  Scrits  MV  J  Combination  AC  ■  DC  Industrial  Circuit  *  Series  IS6-J  Combination  AC  -  DC  Industrial  Circuit 
Tester.  Complete  as  above  _ SS2JS  Tester.  Complete  as  above _ , _ _$SS.S5 


PRECISION  APPARATUS  COMPANY  •  647  KENT  AVENUE  •  BROOKLYN.  N.  Y. 

Export  Divisloa;  458  Broadway,  New  York  CHy,  U.  S.  A.  •  Coblo  Addross;  Morkoeoi' 


Koolohm  Resistor  Is  New 
Line  of  Sprague 

Koolohm  resistors  with  ferrule 
end-type  construction  for  fuse  clip 
mounting  and  designed  to  meet  specifi¬ 
cations  of  the  U.  S.  Navy  has  been  an¬ 
nounced  by  the  Resistor  Division, 
Sprague  Specialty  Company,  North 
.Adams,  Mass.  The  units  are  available 
in  10,  20,  35,  50,  90  and  150  watt  sizes 
in  high  resistance  values  heretofore 
unobtainable.  They  are  supplied  in 
either  inductive  or  non  inductive  types, 
the  latter  having  a  residual  inductance 
of  very  small  value.  An  outer  shell  of 
l-inch  thick,  heat-treated  pyrex  glass 
provides  high  voltage  insulation  as  well 
as  additional  protection  against  hu¬ 
midity  in  the  new  unit  known  as  type 
F.  Standard  tolerance  is  5  percent, 
although  closer  tolerances  are  avail¬ 
able  on  special  order  at  somewhat 
higher  cost. 


PfnMANBMT  MAGMirS 


\  ALL  SHAPES  —  ALL  SIZES 

\  FOR  ALL  PURPOSES 

\  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
\  sten  Cobalt  and  ALNICO**  (cast  or  sin- 
L  I  tered)  under  G.  E.  license. 

THOMAS  &  SKINNER 

W  STEEL  PRODUCTS  COMPANY 

IIU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 
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THE  TRIPLETT  ELECTRICAL  INSTRUMERT  CO 
Blultlon,  Ohio 


PLATINUM 

&  PLATINUM  ALLOYS 

IN 

SHEET,  WIRE,  TUBING 


PLATINUM- RUTHENIUM 
IRIDIUM  -  RHODIUM 
OSMIUM  •  PALLADIUM 


SIGMUND  COHN 


44  GOLD  ST 


Automatic  Record  Changer 

A  NEW  DEVELOPMENT  of  the  RCA  Manu¬ 
facturing  Company,  Camden,  N.  J.  is 
an  automatic  record  changer  which 
plays  phonograph  records  on  both  sides 
without  the  necessity  of  turning  the 
records  over.  Two  pickups  are  ar¬ 
ranged  in  such  a  manner  that  when  the 


Relays 

Improved  miixtet  magnetic  relays 
manufactured  by  the  Ward  Leonard 
Electric  Company,  Mount  Vernon,  N.  Y. 
are  described  in  bulletin  106  of  that 
company.  Standard  features  of  the  re¬ 
lays  are  that  they  may  be  operated 
from  either  a-c  or  d-c  supply,  have  low 
power  consumption  coils  so  as  to  be 


PROTICT 


^un/pRECIS^ 


In  these  and  similar  batteries  of  electric 
ovens  every  Triplett  Instrument  is  sub¬ 
jected  to  scientific  heat  treatment  during 
several  stages  of  the  assembly  process. 

Pre-curing  of  molded  parts  and  heat 
treatment  of  all  assembled  materials  is 
a  precaution  to  eliminate  strains  and 
stresses  which  otherwise  would  develop 
after  the  instrument  is  in  the  hands  of 
the  user.  This  is  one  of  the  many  Triplett 
methods'  of  insuring  your  continued  sat¬ 
isfaction  with  Triplett  Precision  Instru¬ 
ments  and  Testers.  Accurate  alignment 
for  dependable  performance  is  thus  as¬ 
sured  under  all  normal  conditions  and 
usage. 


^  '  J;  top  side  of  a  record  has  been  played, 

the  top  tone  arm  swings  clear,  the 
Q  ^4  motor  reverses,  and  the  bottom  side  of 

the  record  is  played  by  another  tone 
arm  which  has  been  brought  into  posi- 
tion  automatically.  When  the  under 
^  record  has  been  played,  the 

lower  tone  arm  swings  clear  and  the 
record  deposited  into  a  lined 

^  compartment,  another  record  dropped 

into  position,  and  the  cycle  is  repeated. 
Simple  controls  permit  adjustment  of 
the  mechanism  for  playing  either  one 
^  or  both  sides  of  the  records.  Provi- 

'  sion  is  made  for  rejecting  a  record 

while  it  is  being  played  by  pushing 
the  starting  button. 

suitable  for  continuous  duty.  The  coils 
operate  directly  on  standard  voltages 

and  frequencies  up  to  115  volts.  Self-  Aircraft  Transmitter-Receiver 
aligning,  self-cleaning  silver  contacts 
are  employed  and  all  metal  parts  ex¬ 
cept  the  contacts  are  cadmium  plated. 

Contact  combinations  are  available  up 
to  and  including  double  pole,  double 
throw.  With  either  two-wire  or  three- 
wire  control,  the  magnet  coil  may  be 
energized  either  from  the  main  line 
circuit  or  from  an  independent  circuit. 

Heavy  duty  circuit  relays  are  also 
supplied  and  have  the  same  general 
features  as  the  midget  magnetic  relays 
except  the  greater  power  handling  ca¬ 
pability  and  the  fact  that  they  are 
available  only  with  single  pole,  double  ^  .j 

break,  normally  open  contacts.  Limit  Bridge 

The  Shallcross  Manufacturing 
Company,  10  Jackson  Avenue.  Colling- 
dale.  Pa.  has  designed  and  is  now  of¬ 
fering  a  highly  specialized  limit  bridge 
for  rapid  and  accurate  testing  of  multi- 
tapped  resistors  with  varying  unit 
values.  This  special  instrument  is 
known  as  the  No.  618  percent  limit 
bridge.  It  has  binding  posts  for  con¬ 
necting  a  galvanometer  and  battery, 
while  special  mercury  wells  provide  a 
method  for  attaching  a  multi-tapped 
resistor.  A  rotary  switch  selects  the 
unit  of  the  multi-tapped  resistor  to  be 
tested  and  at  the  same  time  places  the 
appropriate  standards  in  the  circuits. 
A  suitable  key  switch  tests  the  unit 
for  high  and  low  power. 


A  NEW  FIVE-WATT  PORTABLE  transmit- 
ter-receiver  for  aircraft,  Model  PTR-5 
has  just  been  made  available  for  de¬ 
livery  by  the  Jefferson-Travis  Radio 
Mfg.  Corp.,  374  Second  Avenue,  New 
York.  It  is  claimed  that  no  installation 
work  is  involved  except  to  install  an 
antenna  and  to  connect  this  to  the 
unit.  The  weight  of  the  entire  unit, 
including  the  receiver,  transmitter, 
dynamotor,  power  supply,  and  all  bat¬ 
teries,  is  31  pounds. 


Multi-Range  Tester 

The  series  834  multi-range  tester  is 
marketed  by  the  Precision  Apparatus 
Co.,  647  Kent  Avenue,  Brooklyn,  N.  Y. 
provides  a-c  and  d-c  measurements  for 
thirty-one  ranges  in  an  instrument  no 
larger  than  a  man’s  hand.  Power  out¬ 
put,  a-c  and  d-c  voltage,  and  current 
and  resistance  may  be  measured  in 
addition  to  power  ratios  in  db.  The 
unit  is  completely  self-contained,  uses 
no  external  batteries  or  multipliers,  and 
is  provided  with  a  400  micro-ampere 
rectangrular  indicating  meter  with 
wire-wound  multipliers  accurate  to 
within  1  percent. 
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FREQUENCY  MODULAe  GENERATOR 


TYPE  150-A 


Here  is  a  signal  generator 
developed  specifically  for  use 
in  the  design  of  FM  equip¬ 
ment.  Built  into  it  are  the 
features  requested  by  FM  en¬ 
gineers.  Both  Frequency  anr* 
Amplitude  Modulation  avail 
able  separately  or  simultan¬ 
eously.  All  controls  direct 
reading.  Expanded  scale 
meters.  Power  line  regula¬ 
tion  optional. 


Brief  Specifications: 


Cutting  Tool 

To  MORE  RAPim-Y  MEET  THE  DEMAND 
for  carbide  tipped  cutting  tools,  the 
Tungsten  Carbide  Tool  Company,  sub- 
sibiary  of  the  Michigan  Tool  Company, 
Detroit,  announces  a  complete  line  of 
standard  stock  tools  comprising  six 
styles  and  46  stock  sizes.  All  tools  have 
diamond  ground  edges  and  are  ready 
for  immediate  use.  Types  suitable  for 
cast  iron,  non-ferrous  metals  and  for 
steel  are  included  in  the  line.  Tools 
are  designed  to  cover  a  large  majority 
of  all  turning,  boring  and  facing  re¬ 
quirements  and  may  be  readily  con¬ 
verted  by  the  user  by  a  simple  grinding 
operation. 

Lever  Switch 

A  NEW  TYPE  OF  LEVER  SWITCH  for  elec¬ 
trical  control  purposes  has  recently 
been  announced  by  Donald  T.  Moss- 
man,  Inc.,  6031  Northwest  Highway, 
Chicago.  The  No.  4101  lever  switch  is 
constructed  to  meet  the  needs  for  a 
heavy  duty,  multiple  contact,  positive 
action  lever  type  of  switch.  The  de¬ 
sign  affords  flexibility  and  contact  ar¬ 


rangement  in  the  locking  or  non-lock¬ 
ing  action.  Consequently  lever  switches 
are  available  in  an  almost  unlimited 
series  of  combinations  of  contact  as¬ 
semblies  which  may  be  built  up  to  suit 
any  specific  requirements.  Contact 
assemblies  are  limited  to  nine  contact 
springs  per  pile-up,  eighteen  springs 
for  position,  or  thirty-six  springs  per 
switch.  Standard  contacts  A  inch  in 
diameter  of  fine  silver  have  a  non- 
inductive  rating  of  10  amperes  at  110 
volts  ac,  whereas  extra  heavy  duty 
contacts  have  a  rating  of  double  this 
current.  The  breakdown  rating  be¬ 
tween  ground  and  spring  is  2,000  volts, 
alternating  current. 

Smallest  Transformers 

.4s  SPECIALISTS  in  reducing  the  size  of 
transformers  for  a  given  job,  United 
Transformer  Corporation,  150  Varick 
Street,  New  York  City  are  now  in 
quantity  production  on  a  new  group  of  , 
transformer  components  weighing  only  i 
3/10  oz.  These  coupling  units  have 
almost  10,000  turns,  and  an  inductance 
of  approximately  70  henries  and  have 
dimensions  of  A  x  A  x  3  inches.  The 
units  are  in  active  use  for  hearing 
aid,  aircraft  and  similar  applications,  i 


*Fr*qii«aey  Raag*  41-50  MC  and 
1-10  MC 

Oafpat  from  0.1  mV  to  0.1  Veit  with 
otteMeater,  aed  0.1  Volt  to  1  Volt 
with  special  tap. 


Measured  in  radio  tubes,  this  figure 
represents  more  than  a  casual  devotion 
to  Defense.  Important,  indeed,  ore  the 
tasks  which  Hytron  tubes  will  perform 
during  long,  routine  hours  and  in  sudden, 
crucial  moments. 

To  loyal  Hytron  users — to  all  who  know 
of  the  many  basic  improvements  de¬ 
veloped  here — it  will  be  no  surprise  to 
find  these  better  tubes  taking  key  posi¬ 
tions  in  the  vast  military  mosaic  of 
America  and  Britain.  What  should  be 
emphasized  now  is: — Defense  is  getting 


Deviation  from  zero  to  200  KC 
Internal  AF-100.  400,  IK,  4K  and 
10K  cycles. 

RMA  Pre-emphasis  circuit. 
Vernier  F  Control  for  selectivity. 


what  it  needs  from  Hytion,  with  no 
serious  effect  upon  our  ability  to  supply 
the  radio  industry,  nor  any  slightest  re¬ 
laxation  in  quality. 

The  needs  of  our  regular  customers, 
increasing  heavily,  hove  put  Hytron  ca¬ 
pacity  to  a  double  test.  That  additional 
trial  is  also  being  met — in  a  plant  whose 
flexibility  astonishes  even  ourselves — by 
a  master-combination  of  men,  women 
and  machines  that  seems  ever  capable 
of  doing  more  and  morel 


HYTRON 


•ECEUISC 

TKllSUiTTiNC 

lALliST 

EIECT»01IC 


TUBES 


HYTRON  COUP. 


SALEM.  MASS. 


Maiulaetyreri  $f  SaSt*  TyScs  Siaee  1S21 


*  Qnofafiens  on  other  frequency  ranges  sappHed  on  request. 

BOONTON  RADIO  CORPORATION 


Boonton,  New  Jersey 


U.  S.  A.  I 


YTRON 


PART  OF  THE 

ARSENAL" 

DEMOCRACY 


Hytron  is  authorized  to  display  this  official  DEFENSE 
PLANT  IDENTIFICATION,  signifying  that  more  than  50% 
of  our  production  is  devoted  to  the  needs  of  defense. 
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A  Precision  Crystal 

Secondary 

FREQUENCY  STANDARD 

rHAT  HAS  SEEN 
"Dssigncd  for  Application" 

A  praciaion  frequancy  atandard  capabla  of 
baina  adjuatad  to  WWV  or  aoma  othar 
primary  atandard  and  puttina  out  uniformly 
accurate  callbratina  aianals  with  10,  26,  100, 
1000  KC  intervala.  Uaea  tha  new  GENERAL 
ELECTRIC  No.  ISA  1000  KC  cryatal  harina 
a  frequency  temperature  coeflicient  of  leaa 
than  one  cycle  /Mc/C*.  The  cryatal  la  aaaled 
in  Helium  in  a  atandard  metal  tuba  anvalopa. 

Tha  aalf-contained  AC  power  aupply  haa 
VR160-S0  voltaae  reaulator  tube. 

In  addition  to  oacillator,  muitiTlbrater% 
and  harmonic  amplifier,  a  built-in  mixer 
with  phone  Jack  and  aain  control  on  panel 
ia  incorporated. 


V  TRirLK  OUTrUTII— Think  what  this  moani 
— 3  saparata  outputs  from  a  singla  Dynamoteri 
Tha  now  Carter  Tripla  Output  Dynametor 
shown  balow,  is  winning  wido  acclaim  in  tha 
Aircraft  Industry  bocauso  of  its  high  off!- 
ciancy,  small  sisa,  and  oitra  light  weight. 


#  Write  today  for  dascriptiva  litaraturo  on 
Carter  Dynamotors — O.C.  to  A.C.  Convertors — 
Double  and  Triple  Output  Dynamotors— Mag- 
motors — Special  Motors — High  Frequency 
Converters — and  Permanent  Magnet  Dyna¬ 
motors. 


1606  Milwaukee  Ave.  Cable:  Genemotor 
Carter,  a  wa//  known  noma  In  Modio  i/nce  1fZ2 


Marine  Equipment 

A  NEW  TYPE  OF  COMMERCIAL  MARINE 
radio  equipment  of  revolutionary  de¬ 
sign  that  can  be  installed  on  board 
ships  in  one  fifth  the  time  usually  re¬ 
quired  has  been  developed  in  connec¬ 
tion  with  the  emergency  shipbuilding 
program,  by  the  International  Tele¬ 
phone  &  Telegraph  Corporation,  67 
Broad  Street,  New  York.  Among  the 
vessels  on  which  it  is  to  be  installed 
are  the  312  Liberty  type  ships  now 
being  built  by  the  Maritime  Commis¬ 
sion.  The  new  radio  unit  combines  in 
a  single  cabinet  radio  equipment  which 
ordinarily  requires  as  many  as  twelve 
separate  units  and  eliminates  the  in¬ 
tricate  system  of  interconnecting  wir¬ 
ing  in  the  radio  cabin.  It  includes  all 
of  the  radio  apparatus  necessary  for 
safety  and  communication  purposes. 

The  equipment  was  designed  by  the 


Federal  Telegraph  unit  of  the  Inter¬ 
national  Telephone  &  Radio  Manu¬ 
facturing  Corporation  to  meet  the 
speed  requirements  of  the  emergency 
shipbuilding  program  in  making  it 
possible  to  do  at  the  factory  practically 
all  wiring  and  other  work  usually  done 
on  the  ships  at  the  building  yards. 
The  unit  is  practically  ready  to  plug 
in  at  the  power  supply  and  the  radio 
antenna  system  when  it  arrives  at  the 
ship.  This  not  only  results  in  a  great 
saving  of  time  but  releases  many  hours 
of  highly  skilled  labor  for  other  na¬ 
tional  defense  work  since  the  installa¬ 
tion  job  is  comparatively  simple.  The 
combining  of  all  apparatus  in  a  single 
cabinet  also  means  an  important  sav¬ 
ing  in  space  on  ships. 

The  fact  that  all  installations  are 
standard  is  expected  to  save  time  in 
the  training  of  new  operators.  Each 
switch  and  each  button  is  in  the  same 
place  on  every  ship  carrying  the 
equipment.  The  time-saving  advan¬ 
tages  and  the  great  simplicity  of  de¬ 
sign  and  operation  combined  in  this 
new  equipment  are  regarded  by  ship 
radio  engineers  as  one  more  of  the 
many  permanent  technical  contributions 
made  possible  by  the  national  defense 
program. 


JOHN  C.  BATCHELOR 

INDUSTRIAL  PHYSICIST8-ENGINEERS 
Specialists  in  industrial,  technical  and 
marketing  investigations  for  manufac¬ 
turers  and  bankers  on  products  being 
considered  for  production  and  flnancing. 

100  E.  42nd  Street  New  York  City 


DUDLEY  B.  CLARK 

Consulting  Engineer 
Industrial  Tube  and  Circuit  Design. 
Electronics  as  Applied  to  Metal  and  Chemical 
Industries. 

Research  Laboratories  and  Shops 
Palm  Springs  fallf. 


ELECTRICAL  TESTING 
LABORATORIES 

Characteristics 
of  Vacuum  Tubes 

Tests  of  photo  cells,  glow  lamps,  crater  lamps. 
Tests  of  electronics  and  optical  devices 
East  End  Avenue  and  79th  Street 
New  York,  N.  Y. 

Phone.  Butterfield  8-2600 


INTERNATIONAL  ELECTRONICS.  INC. 

Special  Instruments,  Kquipment  and  Methods  to 
control  gauging,  welding,  heating,  communications, 
signaling,  safety.  Inspection,  color  and  testing. 
Quality  control  and  cost  reduction  for  mechanical, 
electrical,  metallurgical  and  chemical  industries. 
Rockefeller  Center  New  York  City 

Telephone  Circle  6-8494 


HAROLD  j.  McCreary 

Mem.  A.I.E.e.  A  W.S.E. 

CoHSHlflng  Englm—r 

Laboratory  Facilities 
Research  Klectronlcs 

Development  Television 

Design  Radio 

Factory  Practice  Railroads  Signaling 
Patent  Studies  Telephony 

105  W.  Adame  St.  Phene  STate  4003  Chicaio.  III. 


JOSEPH  RAZEK,  PH.D. 

Consulting  Physicist 
Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devices  Electronics 

Specialist  in  Colorimetry,  Spectophotometry  and 
Indastrial  Color  Control 
Laboratory  and  Shop  Facilities 
430  Gre^nvlew  Lan«  Llaneroh,  Pa. 


CHARLES  WATSON  SIDNEY 

Consultant 

RESISTANCE  WELDING 
INDUCTION  HEATING 
WELDING  POWER  SYSTEMS 

8  Woodcroft  Rd.,  Siummit,  N.  J. 


Professional  Assistance  .  .  . 

in  solving  your  most  diUicult  prob¬ 
lems  in  the  specialized  Held  of  elec¬ 
tronic  devices  is  offered  by  con¬ 
sultants  whose  cards  appear  on  this 
page. 


120 


November  J  941  —  ELECTRONICS 


El  FiEiipiiiiiiEiBiiS 


RADIO  CO 

212  FULTON  ST. 
NEW  YORK,  N.  Y 


CRYSTALS  hy 


The  Hipower  Crystal  Company,  one  o< 
America's  oldest  and  largest  manulac- 
turers  of  precision  crystal  units,  is  able 
to  oiler  the  broadcaster  and  manuioc 
turer  attractive  prices  because  oi  their 
large  production  and  the  exclusive 
Hipower  grinding  process.  Whatever 
your  crystal  need  may  be,  Hipower 
cun  supply  it.  Write  today  for  lull 
information. 


Call  BRyont  9-1946  tor  SEffVlCf 


HARVEY  RADIO  CO 


HIPOWER  CRYSTAL  CO. 

Salts  Diyisisn— 205  W.  Wackcr  Orivt,  Chicago 
Tactory — 2035  Charltston  Street.  Chicago.  III. 


Conveniently  located  at  Timet  Square 

103  W.  43  ST.  .  NEW^YORK.  N.  Y. 


We  manufacture  a  complete  line  of  equipment 

8l*OT  WELDEK8,  electric,  from  %  to  500  KVA  AC  ARC 

TKAN8KORMEK8,  special  and  Ktandard  types  WKbUERS 

INCANDE8CENT  LAMP  inaniiracturinK  equipment  From  100  to 
FLUORESCENT  TUBE  MAKING  EQUll’MENT  40<l  Amps. 
ELECTRONIC  EQUIl'MENT.  vacuum  pumps,  etc. 

WET  GLASS  slicing  and  cutting  machines  far  laboratory  ase 
GENERAL  GLASS  working  machines  and  burners 
COLl,EGE  Gl.e\SS  working  units  for  students  and  laboratory 
KIMLKK  ENGINKEKING  COMPANY,  CHAS.  EISLER.  Pres. 
751  So.  13th  St.  (near  Avon  Ave.) _ Newark.  New  Jersey 


IVe  welcome  your  inquiriet  for 


FINE 

ot  TaiiKfiBen  and  Molybdenum 

Molybdenum  in  widths  .OOB”  to  1” 

In  thickness  to  .0005” 
Tungsten  Ribbon  to  specification 

H.  4'ROS^^ 

15  Beekman  8t.  New  York 


LUMINESCENT  MATERIALS 

Fluorescent  and  Phosphorescent  Chemi¬ 
cals  tor  Lamp  and  Allied  Industries 

GENERAL  LUMINESCENT  CORP. 

732  S.  Federal  St.  Chicago.  III. 


WRITE  FOR  CATALOGUE 
showing  a  complete  line  of 
assemblies  for  oil  purposes. 


SIGNAL  INDICATOR  Corp. 

140  CEDAR  ST.  NEW  YORK.  N.  Y. 


^  IMMEDIATE  DELIVERY 

ON  ALL  STANDARD 

RADIO  PARTS  AND 
ELECTRONIC  EQUIPMENT 

GREATEST  STOCK  EVER  IN  RADIO 
HISTORY 

For  PROMPT  Service  Phone  BArclay  7-1840 
Have  you  a  ropy  of  our  416  I’age  Uatalog? 
Address  Dept.  KL  on  tlrm  letterhead. 

New  York’s  Oldest  Complete  Radio 
Organization— established  1922 


Benjamin  Franklin  once  said, 
“The  praise  you  take,  al¬ 
though  it  be  your  due,  will 
be  suspected  if  it  comes  from 
you.” 

We  say,  “Ask  the  people  who 
buy  here  what  they  think  of 
us.” 


Send  for 
Cafalog 


2  Stores  In  New  York  City 
68  WEST  45TH  STREET 
80  CORTLANDT  STREET 
B  Phene  VAnderbilt  6-50S0h 


bUUND  STSTEMS 
lor 

NATIONAL  DEFENSE 

require 

the  finest  loudspeakers 
Specify 

UNIVERSITY  REFLEX 

The  only  complete  loud¬ 
speaker  line  which  solves 

•  •  •  ALL  •  •  • 

Defense  Sound  Problems 
University  Laboratories 
195  Chrystle  St..  N.  Y.  C. 


METER 


this  or  other  advertising  does 
not  supply  the  information  con¬ 
cerning  products  or  services 
wanted,  please  write: 

ELECTRONICS. 

New  York  City 


Bradenton,  Fla.,  U.  S.  A. 
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Phase  Shifters 


(Continued  from  page  49) 


RESEARCH 

DESIGN 

PRODUCTION 


tween  e  and  0.707e  which  is  not 
serious  for  many  applications. 

The  circuit  of  Fig.  8  would  be 
independent  of  frequency  within  rea¬ 
sonably  wide  limits  were  it  not  for 
the  fact  that  the  90-degree  shifter 
is  frequency  sensitive.  Obtaining 
the  initial  90-degree  rotation  as 
shown  in  Fig.  10  makes  this  phase 
shifter  essentially  independent  of 
frequency.  The  resistance  R  is  made 
very  much  greater  than  the  reac¬ 
tance  of  C  throughout  the  desired 
frequency  range.  The  voltage  across 
C  will  then  be  very  close  to  90  de¬ 
grees  behind  the  voltage  applied  to 
the  R-C  combination.  The  magni¬ 
tude  of  the  voltage  across  C  will  be 
very  small,  however,  because  of  the 
size  of  R.  An  amplifier  will  make  up 
for  this  loss  in  voltage  (or  the  volt¬ 
age  to  the  other  potentiometer  may 
be  attenuated)  so  that  the  potentio¬ 
meter  voltages  may  be  equal.  This 
amplifier  must  have  its  gain  ad¬ 
justed  for  every  frequency  due  to 
the  change  in  reactance  of  C.  This 
can  be  done  automatically  with  an 
automatic  volume  control  circuit  of 
conventional  type. 

Author')*  note  :  In  the  course  of  the  inves¬ 
tigation  of  these  phase  shifters,  the  fresh 
viewpoint  of  students,  as  usual,  has  been 
fruitfui.  The  basic  idea  of  the  360-degree 
shifter  was  suggested  originally  by  Mr,  I.ee 
Coe  and  the  frequency-independent  90-degree 
shifter  of  Fig.  10  by  Mr.  William  II.  Huggins, 
both  students  in  Electrical  Engineering  at 
Oregon  State  College. 


MICROVOLTERS* 

STANDARD  SIGNAL  GENERATORS 
ULTRA  HIGH  FREQUENCY  SIGNAL  GENERATORS 
CRYSTAL  CONTROLLED  SIGNAL  GENERATORS 
RADIO  NOISE  METERS 

IVrife  for  new  catalog  E-4;  illustrates  and  gives  complete  details  and  speciHeations 
for  the  complete  line  of  Ferris  instruments. 

FERRIS  INSTRUMENT  CORPORATION 

NEW  JERSEY 


Telephone  Boonton  8-0781 


Theory  of  Gaseous  Conduction 
^  and  Electronics 


ty  F.  A.  MAXFIELO  and  R.  R.  BENEDICT 

U.  S.  Naval  Ordnance  Asst.  Pro!.,  Elec. 

Laboratory  on  Leave  Enqineerinq,  U. 

Irom  the  U.  of  Wis.  of  Wis. 

474  pages,  6  x  9,  239  Illustrations,  S4.50 

This  book  presents  a  systematic  treatment 
of  the  fundamental  processes  involved  in 
gaseous  conduction  and  electronics,  interpret¬ 
ing  the  underlying  phenomena  upon  which  the 
properties  of  all  types  of  gaseous  conduction 
devices  depend.  It  discusses  the  production 
and  motions  of  electrons  in  high-vacuum  as 
well  as  the  conditions  prevailing  in  spark, 
glow,  and  arc  discharges,  and  illustrates  the 
principles  developed  by  their  application  to 
particular  tubes  and  discharges. 


SCHOOLING  U.  S.  ARMY  IN 
COMMUNICATIONS 


Contents 


1.  Introduction 

2.  The  Electrostatic  Field 

3.  Movement  of  Charged 
Particles  in  High  Vacuum 

4.  The  Molecular  Theory  of 
Gases 

5.  Conduction  Processes 

6.  Electron  Emission:  The¬ 
ory  and  Typical  Appli¬ 
cations 

7.  Deionizing  Processes 

8.  Production  of  Ions  in  the 

Gas 

9.  Sparking  Potential,  Spark- 
over,  and  Corona  Dis¬ 
charge 

10.  The  Glow  Discharge 

11.  The  Arc  Discharge 


McGraw-Hill  Book  Co.,  3.S0  W.  42nd  St.,  N.  Y. 

Send  me  Msxfield  and  Benedict's  Theory  of  Osseous  Conduction 
and  Electronics  for  10  ds.ys'  examination  on  approval.  In  10  days 
1  wUl  send  you  $4.50  or  return  book  postpaid. 
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A  radio  equipped  command  car  at  Fort 
Monmouth,  N.  I.,  shown  in  communica¬ 
tion  with  headquarter!.  This  car  has 
equipment  for  both  key  ond  voice  radio 
communication 
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